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CLINICAL DIAGNOSIS 

BY LABORATORY METHODS 


INTRODUCTION' 

USE OF THE MICROSCOPE 

There is probably no laboratorj* instnuncnt who<5c usefulness 
depends so much upon proper manipulation as the microscope, and 



none is so frequentlv misused b> beginners 5^irc suggestions ts to 
its proper use arc, therefore, pven at thb place It is presumet! that 
the reader is alreadj familiar snth its general construction (Hg 1) 




USE OP THE MICROSCOPE 


A careful and frequent study should be made of the booUet on 
the microscope, its use, and care that is furnished with each new 
microscope by the manufacturer 



P's 2— LatBplorusewiihlbstn croscope ItibouldbepUceddosetotbeDucTOscDpe 
so that the shade protects the eyes from the elaie. A blue gbss d sk is placed in the nng 
beneath the condenser 

Source of Light — Good work cannot be done without proper 
lUummation, and this is, therefore, the first and most important 
consideration for one who wishes to use the microscope effectively 
The light nhich is generally recommended as best is that from a 
white cloud the nucroscope being placed by prefcrenw at a north 



Fig 3 — EiEdent lamp vith Florence Cask filled with copper sulfate used as a condeniei 

window to avoid direct sunlight At any other window a while 
window shade is desirable Such light is satisfactory for all ordinary 
work Artifiaal light is however, imperative for those who must 
work at night, and is a great convenience at all times Properly reg 
ulated artifiaal light moreover, offers deaded advantages over day 


Fig 4 —Small mlctoscope lamps with daybght-glass filters 


often used It has the advantage that the eyes are shaded from the 
glare, while at the same time there is abundant light for drawing 
or writing upon the table beside the microscope. All such lights have 
a yellow tinge, and to counteract this a blue glass disk, usually sup- 
plied with the microscope, is placed in a supporting ring beneath the 


r 



Fig 5 — ^An excellent type of microscope lamp suitable both for ordinary work and for 
dark field iDumioaUoa. 

condenser. A very effective lamp is shown in Fig. 3 A projection 
lamp is used for the light; in front of this is placed a piece of frosted 
glass. In the circular opening in the metal bousing, there is placed a 
Florence flask. In order to filler out the yellow rays the flask is filled 
with water, to which have been added a few crystals of copper sulfate 
and a little ammonia. 




4 USE OF THE MICROSCOPE 

Two good types of lamps are shown m Fig 4 Both can be fitted 
with light filters made of “daylight glass,” which, when used with 
the nitrogen filled tungsten lamp, transmits a light practically mdis 
tingmshable from daylight Figure 5 illustrates a more expensive type 
of lamp, but one which has a wide range of usefulness 

The rmcroscope lamp should not stand at so great a distance 
from the microscope that its image fails to fill the aperture of the 
condenser — a condition which one can readily detect by removing the 
ocular and looking down the tube 

Forms of lUummabon — ^After one has arranged the microscope in 
proper relation to the source of light, whether this be daylight or 
an> of the artifiaal sources mentioned above, the next problem is to 
secure an evenly lUummated field of view without mottling or any 
trace of shadows This is accomplished by manipulating the mirror 
and the condenwr Following this the direction and the amount of 
light must be considered in relation to the character of the object 
under examination as is indicated m the following paragraphs 

Illumination may be either central or ohltque, dependmg upon the 
direction in which the light enters the microscope To obtain central 
illumination the mirror should be so adjusted that the light from the 
source selected is reflected directly up the tube of the microscope 
This IS easdy done by removing the eyepiece and lookmg down the 
tube while adjustmg the mirror The eyepiece is then replaced, and 
the light reduced as much as desired by means of the diaphragm 
Oblique lUumiaatiou is obtained in the more simple mstruments by 
smngmg the mirror to one side, so that the light enters the microscope 
obhquely The more complicated mstruments obtam it by means of a 
rack and pmion, which moves the diaphragm laterally Beginners fre 
quently use obhque illumination without recognizing it, and are 
thereby much confused If the light be obhque, an object m the center 
of the field will appear to sway from side to side when the fine adjust 
ment is turned ba^ and forth 

The amoimt of light admitted is also important It is regulated by 
the diaphragm 

The hulk, of rautme work i& doon mth. cnotical. lUuminaiJAQ., axuL, 
therefore, every examination should begm with it Each of the forms 
of illumination, honever — central and obhque, subdued and strong — 
has Its speaal uses and demands some consideration here The well 
known rule, ‘ Use the least light whidi will show the object well,” is 
good, but it does not go far enou^ 

In studymg any microscopic structure one considers (1) Its color 
(2) Its outlme, and (3) its surface contour No one form of illumina 
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tion shows all of these to the best luivantage. It may, therefore, be 
necessary’ to change the illumination many times during a microscopic 
examination. 

To see color best, use central illuminalion with strong light. The 
prindplc is that by which a stained glass window shows the purest 
color when the light is streaming through it. Strong central light is, 
therefore, to be used for structures such as stained bacteria, whose 
recognition depends chiefly up>on their color, and, alternating with 
other forms, for stained structures in general. 

To study the outline oj an object use very subdued central illumina- 
lion. The diaphragm is closed to the point which trial shows to be 
best in each case. This illumination is required by delicate colorless 
objects, such as hyaline tube casts and cholesterol crystals, which 



Hg. 6 — A, Ib'alifle asts, one contaiiuDg muJ cell;, properly subdued Qluminatlon , 
n, same as A; strong niuminalioa The casts ore lost iQ tbe glue, and only the renal cells 
are seen (From Greene’s "Mcdjcal Pugnosis”) 

are recognized chiefly by their outline. The usual mistake of begin- 
ners is to work with the diaphragm too wide open Strong h'ght will 
often render semitransparent structures entirely invisible (Fig. 6). 

To study surface contour use oblique light of a strength suited to the 
color or opacity of the object. In routine w’ork oblique illumination is 
resorted to only to study more fully some object which has been found 
with central illumination, as, for instance, to demonstrate the cylindric 
shape of a hyaline tube cast. 

Dark-field illumination consists in blocking out the central rays of 
light and directing the peripheral ra)^ against the microscopic object 
from the side. Only those rays which strike the obj’ect and are 
reflected upward pass into the objective. The object thus appears 
bright upon a black background. By means of this form of illumina- 
tion very minute structures can be seen, just as particles of dust in 
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the atmosphere become visible when a ray of sunlight enters a dark 
ened room 

Dark field illumination for low power work can be obtained by 
means of the nng stops with central disks which accompany most 
microscopes when purchased The stop is placed m a special ring 
beneath the condenser ^\hen the regular stop is not at hand, one 
can use the glass disk which is generally supplied with the micro 
scope or an extra large round cover glass, m the center of which is 
pasted a arcular disk of black paper ^e size of the black disk 
depends upon the aperture of the objective with which it is to be 
used, and can be ascertained by trial For best results the condenser 
should be oiled to the under surface of the slide and should be focused 
on the object under exarmnation 

For oil immersion work a speaal condenser is necessary This is 
sold under the name of reflecting condenser or dark field illuminator 
In Its roost desirable form this is 
interchangeable with the regular 
substage condenser One type has 
a lamp built m or attached beneath 
It (Fig 7) Some makers now offer 
a condenser which allows one to 
change almost instantly from 
bright field to dark field, and vice 
versa, with however some loss of 
quality m both Objectives used for 
dark field work must be of rela 
lively low numenc aperture (us 
ually less than 0 9), hence, when 
the ordinary oil immersion objec 
live IS used its aperture must be reduced by placing in it a "funnel 
stop” obtainable from the maker of the objective Oil immersion 
objectn es of low N A , espeaally designed for this work, but also 
useful for bright field work, have recently been placed on the market 
If such examinations are made frequently, it is an advantage to use 
a specially designed dark field microscope with the dark field coo 
denser and lUuminant m positive alignment and a rheostat control on 
the substage lamp (Fig 8) 

The chief use of dark field illumination in clinical work is for 
demonstration of Treponana pallidum m fresh material (Fig 345) 

Method of Using Dark field Condeoser — A small drop of the fluid to 
be examined is placed on a dean slide of the correct thickness and covered 



atiacbed 
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with a clean cover glass. The thJcLness of the slide is important owing to 
the need of accurately focusing the condenser, and the proper thickness to 
be used with a particular condenser is generally engraved upon its mounting. 
This is usually between 1 and 1.55 mm. The layer of fluid must be thin. 
The slide and cover must be free from scratches, air-bubbles must be avoided, 
and also any excess of objects (blood corpuscles, pus ceils, and so forth) 
other than those which are sought, since all of these tend to brighten the 
background and thus reduce contrast. Because of the short working distance 
of oil-immersion objectives, number 1 cover glasses are essential. 

The source of hght, other than the built-in lamp, may be direct sunlight, 
or, preferably, a strong artificial light with bull's-eye or water-bottle con- 



F;g. 8 — Dark field microscope 


denser to dehver parallel rays to the mirror. When the arc light is used, it 
is desirable to interpose a piece of lightly oiled ground glass between the 
fight and the mirror, hut this is not to 6e mserfed until after the condenser 
has been focused. 

The regular substage condenser is removed, the dark-field condenser is 
inserted in its place, and accurately centered in the optic axis. To facilitate 
centering, a series of concentric drcles is generally ruled on the top of the 
condenser These circles are brought to the center of the field of a low-power 
objective by means of centering screws provided for the purpose. A drop 
of Immersion oil is then placed on the apex of the condenser, the slide is 
placed in position on the stage, and the condenser is raised until the oil 
IS in contact with the under surface of the slide The low-power objective 
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IS now focused on the slide If the light be sufficiently intense and the mirror 
properly adjusted, a arcle or a spot of bght should be seen in the center of 
the field A circle mdicates that the condenser is deadedly abo\e or below 
Its correct position (Fig 9) The condenser is then focused by raising or 
lowenng it until the circle becomes a spot of light and this spot becomes 
as small and as bright as it is possible to make it This spot is also utilized 
for centering such condensers as are provided with the concentric centering 
circles mentioned above The low power objective is finall> replaced by 
the higher power with which the examination is to be made and this is 
brought to focus and used m the ordinary waj 

For dark field work the \'anous adjustments must be much more wad 
than for bright field The most frequent causes of failure to secure a satis- 
factory dark field with brilliantly lighted objects which appear to be self 
luminous are 



Fig 9 Djrk £cld lUum nal on a C rcte of light seen th a lowponer objccUve 
B hen the condenser is alxw c or bclo > ibc correct focus h The bnght spot of light seen 
» th 3 low po erobj'cl c when tbccon lenser is conectly focusc I 


1 Use of an objective of loo high aperture W'hen the tegular oil 
immersion objeciivc is used its aperture must be reduced by means of the 
stop provided by fhe makers 

2 Failure accurately to focus and center the condenser Very slight 
readjustments of condenser or mvror after the examination is begun may 
remedy matters providtd the dide is not too thick to permit accurate 
focusing 

3 Inclusion of air bubbles m the preparation or m the oil above or 
below the slide It is gcnerall) necessary to remove the oil and apply again 

4 Inclusion of too many microscopic objects m the field This may be 
reraed ed b> dilut ng the fluid to be examined or by reduang the thickness 
of the preparation by means of slight pressure on the cover glass 

The Condenser — For the work of the dinical laboratory a sub 
stage condenser is a necessity Its purpose is to condense the bght 
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upon the object to be examined For critical work the hght must be 
focused on the object by raising or lowermg the condenser by means 
of the screw provided for the purpose The image of the hght source 
will then appear m the plane of the object This is best seen by using 
a low power objective and ocular Should the image of the window 
frame or other nearby object appear in the field and prove annoymg 
the condenser may be raised or lowered a httle It is often advised 
to remove the condenser for certam kmds of work, but this is not 
necessary and is seldom desirable m the climcal laboratory 

The condenser is constructed for parallel rays of hght With 
dayhght, therefore, the plane mirror should be used, while for the 
divergent rays of ordmary artificial hght the concave mirror, which 
tends to brmg the rays together, is best 

It is very important that the condenser be accurately centered 
m the optical axis of the mstrument, and most high grade mstru 
ments have centenng saews by which it can be adjusted at any time 
The simplest way to recognize whether the condenser is centered is 
to close the diaphragm beneath it to as small an opening as possible 
then remove the eyepiece and look down the tube If the diaphragm 
openmg does not appear m the center of the field the condenser is out 
of center 

The use of the condenser is further discussed m the foUowmg 
sections 

Objectives and Eyepieces — ^Unfortunately, different makers use 
different systems of designatmg their lenses The system used m this 
country is to designate objectives by their focal lengths m millimeters 
or by their “imtial magnification,” and eyepieces by their magnifying 
power, mdicated by an “X ” Most foreign makers use this sj^tem 
for their high grade lenses, but still cling to arbitrary letters or 
numbers for the others 

Objectives are of two classes — achromatic and apochromatic 
Those m general use are of the achromatic type, and they fulfil all 
requirements for ordmary work Apochromatic objectives are more 
hi^y conected ior chromatic and sphenc aherralion, and represent 
the lughest type of microscope lenses produced They give cnsp 
images with little or no trace of the color fringes which with achro- 
matic objectives can readily be seen about the edges of black or 
colorless objects lymg m a bnght field and are hence very desirable 
for photomicrography and research A compensatmg ocular must be 
used with an apochromatic objective A third type of objective, 
which IS made of fluorite requires no speaal eyepiece, and offers color 
correction midway between an apochromatic and an achromatic 
objective This is sometimes designated as a "semi apochromat.” 
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The simple e> epieces which have long been used with achromatic 
ob]ecti\es are known as Huygenian oculars ^^lth apochromatic ob 
jectu es It IS necessary to use speaal "compensating eyepieces" which 
are corrected to o\ercome certain delects in this type of objective 
The same compensating ej epicccs may be used with oil immersion 
and high dry objectives ol the achromatic senes A third type of 
ocular has recently been introduced under the trade names "hyper- 
plane,” "penplan,” and so forth They have a compensation midway 
between the compensating and Huygenian eyepieces and may be 
used with cither achromatic or apochromatic objectives Tlieir 
chief advantage is that they overcome to a very marked degree 
the curvature of field of any objective with which they may be 
used 

Objectives are "corrected" for use under certain fixed conditions, 
and they vnll give the best rcsuUs only uhen used under the conditions 
for tihtch corrected The most important corrections are (1) For tube 
length (2) for thickness of co\ er glass, and (3) for the medium between 
objectn e and cover glass 

1 The tube length with which an objective is to be used is usually 
engraved upon it— m most cases it is 160 mm The draw tube of the 
microscope should be pulled out until the proper length (measured 
with ocular and objective removed) is obtained The length is mdi 
cated by the graduations upon the side of the draw tube, but m some 
cases this scale is made for use without a nosepiece When a nosepiece 
IS attached it adds about 15 mm to the tube length 

2 The average No 2 cover glass is about the thickness for which 
most objectives are corrected — usually 0 17 or 0 18 mm One can get 
about the right thickness by buying No 2 covers and discarding the 
thick ones, or by buying No 1 covers and discarding the thinner 
ones Slight differences in cover glass thickness can be compensated 
by increasing the length of tube when the cover is too tlun, and 
decreasing it when the cover is too thick This should be done with 
a spiral motion while supporting the body tube with the other hand 
The amount of correction necessary will depend upon the focal length 
and numeric aperture of the objective With a 4-mm objective of 
0 85 numeric aperture a difference of 0 03 mm in cover glass thick- 
ness requires a change of 30 mm m the tube length Many high 
grade objectives are supplied with a “correction collar," which ac 
complishes the same end \\hilc for critical work, especially with 
apochromatics cover glass thickness is very important, one pays 
httle attention to it in the dintcal laboratory A high power dry 
lens always reqvures a cover but its exact thickness is unimportant 



FORMATION OF THE MICROSCOPIC IMAGE 


II 


m routine work Very low power and oil immersion objectives may be 
used without any cover glass 

3 The correction for the medium between objective and cover 
glass is very important This medium may be either air or some 
fluid, and the objective is hence either a “dry” or an “immersion” 
objective The immersion fluid generally used is an especially pre 
pared cedar oil, which gives great optical advantages because its 
index of refraction is the same as that of crown glass It is obvious 
that only objectives with very short workmg distance, as the 2 mm , 
can be used with an immersion fluid 

To use an oil immersion objective a suitable field for study should 
first be found with the low power A drop of immersion oil is placed 
on the slide and the objective lowered until it is m contact with the 
oil and almost touches the slide This is observed with the eye on a 
level with the stage Then, with the e>e looking mto the microscope, 
the objective is very slowly raised until the objects on the shde are 
m focus In order to avoid air bubbles the oil must be placed on the 
slide carefully and without stimng it Bubbles are a frequent source 
of trouble, and should always be looked for 'nhen an immersion 
objective does poor work They are readily seen by removing the 
eyepiece and looking down the tube If they are present, the oil must 
be removed and a new drop applied Immediately after use both 
objectives and slide should be wiped clean with lens paper or a soft 
Imen handkerchief In an emergency glycenn may be used mstead of 
cedar oil, but, of course, with inferior results 

Curvature of field, through which it is impossible to focus both 
center and periphery sharply at the same time, is a very noticeable 
defect, but it is less serious than appears at first sight, particularly 
for visual work It is easily compensated by frequent use of the fine 
focusing adjustment Complete flatness of field cannot be attained 
without sacrifice of other and more desirable properties Some of the 
finest objectives made, notably the apochromatics, show deaded 
curvature 

The workmg distance of an objective should not be confused with 
its focal distance The former term refers to the distance between 
the front lens of the objective, when it ism locus, and the cover glass 
It IS always less than the focal distance, smce the “focal point” lies 
somewhere within the objective, and it vanes considerably with 
different makes Long working distan<% is a very desirable feature 
Some oil immersion objectives ha\e sudi short workmg distance that 
only veiy thm cover glasses can be used 

The formation of the microscopic image demands bnef consid 
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eration (Fig. 10). The rays of light which are reflected upward from 
the mirror and which pass through the object are brought to a focus 
in a magnified, inverted real image. This can be focused to appear at 
different levels, but when the microscope is used in the ordinary way 



it is formed at about the level of the diaphragm in the ocular. It can 
be seen by removing the ocular, placing a piece of ground glass on 
the top of the tube, and focusmg upon it. WTien viewing this image a 
roll of paper or a ryUndric mailing tube should be used to exclude 
extraneous light This image, in turn, is magnified by the eye lens of 
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the ocular, producing a second real image, ishich is agam inverted, 
and therefore, shows the object nght side up This can be seen upon 
a ground glass held a few inches above the ocular, provided strong 
artifiaal hght be used and the room darkened The eye, when it looks 
into the microscope, sees, not this real image, but rather an erted 
Virtual ttnage ^hich appears about 250 mm (10 mches) in front of 
the eye 

Numeric Aperture — ^This expression, usually written N A , indi 
cates the amount of light whiA enters an objective from a pomt 
m the microscopic field In optical language N A is the sme of one 
half the angle of aperture multiplied by the index of refraction of 
the medium between the cover and the front lens Numenc aperture 
IS extremely important, because upon it depends resolving penver 
which IS the most important property of an objective * 

ResolTing power is the ability to separate minute details of stnic 
ture For example, the dark portions of a good half tone picture 
appear gray or black to the unaided e> e, but a lens easily resolv es 
this apparcntl} uniform surface into a senes of separate dots Re 
solving power does not depend upon magnification The fine lines and 
dots upon certain diatoms may be brought out clearly and cnsply 
(that IS, thc> are resolved) by an objective of high numenc aperture 
whereas with an objective of lower numenc aperture but greater 
magnifying power, the same diatom maj appear to have a smooth 
surface, with no markings at all, no matter how greatly it is mag 
nified Knowing the 2 n A , it 1 $ possible to calculate how closely 
lines and dots may he and stiU be resolved by a given objective 
To state the numenc aperture, therefore, is to tell what the objective 
can accomplish, provided, of course, that spheric and chromatic 
aberrations are satisfactorily corrected An objective’s N A is usually 
engrav ed upon the mounting 

It IS an important fact, and one almost universally overlooked by 
practical microscopists, that the proportion of the numenc aperture 
of an objective which is utsh^ed depends upon the aperture of the 
cone of light dehvered b> the condenser In practice, the numenc 
aperture of an objective is reduced nearly to that of the condenser 
(which IS indicated by lower case letters n a ) * The condenser should, 
therefore, have a numenc aperture at least equal to that of the 
objective with which it is to be used Lowering the condenser below 

* Resolving power really depends on two fetors the V A- and the wavelength of 
light, but the Latter can be ignored >d practice 

* The N A. of the objecUve is not redneed wholly to that of the condenser because 
owing to diffraction phenomena, a part of the unUluminated portion of the back lens is 
Qtil)^ 
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its focal distance and closing the diaphragm beneath it have the 
effect of reduang its vroiking aperture A condenser, •whatever its 
numenc aperture, cannot dciner through the air a cone of light of 
greater N A than 1 From these omsidcrations it follows that the 
proper adjustment of the substsgc condenser is a matter of great 
importance when using objectives of high N A , and that, to gam the 
full benefit of the resolving power of such objectives the condenser 
must be focused on the object under examination, it must be oiled 
to the under surface of the slide in the same way as the immersion 
objective is oiled to the corver gla^ and the substage diaphragm 
must be wide open The last condition introduces a difficulty in that 
colorless structures wnll appear * fogged” m a glare of light making a 
satisfactory image impossible when the diaphragm is more than three 
quarters open (Fig 6) Wnght suggests that the size of the light 
source be so regulated by a diaphragm that its image, thrown on the 
slide by the condenser, coincides with the real field of the objective, 
and maintains that in this way it is possible to reduce the glare of 
light and to dispel the fog without closing the diaphragm 

One can easily determine how much of the aperture of an objective 
IS m use by removing the eyepiece, looking down the tube, and ob- 
serving what proportion of the back lens of the objectiv e is illuminated 
The relation of the illuminated central portion to the unillumiaated 
peripheral zone indicates the proportion of the numenc aperture in 
use The effect of raising and lowering the condenser and of oiling it 
to the slide can thus be easily seen 

Another property of an objective which depends largely upon 
N A 13 depth of focus, the ability to render details in different 
planes dearly at the same time The higher the N A and the greater 
the magnification, the less the depth of focus Any tw’O objectives of 
the same focal length and same N A will have exactly the same 
depth of focus Depth of focus can be increased by closing down the 
diaphragm, and thus reducing the N A Great depth is desirable for 
certam low power work, but for high powers it does not offer advan 
tages to balance the loss of N A by which it is attained In some 
cases, indeed, it is a real disadvantage 

Magnification — The degree of magnification should always be 
expressed m dtamefers, not imes, which is a misleading term The 
former refers to increase of dtameler, the latter, to increase of area 
The comparatively low magnification of 100 diameters is the same as 
the apparently -enormous magnification of 10 000 times 

According to the system of ralmg magnification in use m this 
country, the magnifying power of an objective is ascertained by 
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dividing the optical tube length (Fig 10) by the focal length of the 
objective The optical tube length is usually somewhere near 165 
mm, but It vanes with the different objectives, and the makers' 
catalogs must be consulted for an accurate statement of magnifymg 
power Some makers follow the commendable plan of engraving both 
the focal length of the objective and its imtial magnification upon 
its barrel 

This system of rating magmfication measures the enlarged image 
at the level of the diaphragm m the ocular, and this image is, in turn, 
magnified by the ocidar, so that when an objective and ocular are 
used together the total magmfication is the product of the two In 
the case, for example, of the I 9 mm oil immersion objective, whose 
initial magmfication is 95 diameters, the total magmfication with the 
5 X ocular is 475 diameters 

It IS easy to find the magnifying power of any combination of objective 
and ocular by actual trial Place the counting slide of the hemacytometer 
upon the microscope and focus the ruled fines Now adjust a sheet of paper 
upon the table dose to the microscope m such a position that when the 
left eje is in its proper place at the ocular the paper will lie m front of 
the right eye at the normal visual distance, that is, 250 mm (10 mches) 
The paper may be supported upon a book, if necessary If both eyes are 
kept open, the ruled fines will appear to be projected on the paper With 
a pencil mark on the paper the apparent location of the fines which bound 
the smaU squares used m counting red blood corpuscles and measure the 
distance between the marks Divide this distance by 0 05 mm , which is 
the actual distance between the fines on the slide The quotient gives the 
magnification If, to take an example, the fines in the image on the paper 
are 5 mm apart the magnification is 100 diameters The figures obtained 
m this way will vary somewhat as one is near- or far sighted, unless the 
defect of vision is corrected with glasses 

In practice, magnification can be increased m one of three ways 

1 Drawing Out the Tube — Since the mcreased tube length inter- 
feres with spheric correction, it should be used only with the knowledge 
that an imperfect image wiff resuft 

2 Using a Higher Power Objective — As a rule, this is the best 
way, because resolving poner is also increased, but it is often unde- 
sirable because of the shorter working distance, and because the 
higher objective often gives greater magmfication than is desired, or 
cuts down the size of the real field to too great an extent 

3 Using a Etgler Pouer Eyepiece — TTiis is the simplest method 
It has, however, certain limitations \\'hen too high an eyepiece is 
used, there results a haz> image m which no structural detail is seen 
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dearly This is called “empty magmfication/’ and depends upon the 
{act that the objective has not sufficient resolvmg power to support 
the high magnification It has been aptly compared to the enlarge 
ment, by stretching in all directions, of a picture drawn upon a sheet 
of rubber No new detail is added no matter how great the enlarge- 
ment The extent to which magnification can be satisfactorily increased 
by eyepieces depends wholly upon the resolving power of the objec 
tive, and consequently upon the N A The greatest total or combmed 
magnification which will give an absoluldy ensp picture is found by 
multipljmg the N A of an objective by 400 The greatest magnifica 
tion which can be used at all satisfactorily is 1000 times the N A 
Tor example The ordinary 1 9 mm objective has a N A of 1 30, 
the greatest magnification which will give an absolutely sharp picture 
IS 520 diameters, which is obtained approximately by using a 5 5 X 
ej epiece Higher eyepieces can be used, up to a total magmfication of 
1300 diameters (12 S X e>epie<»), be>ond which the image becomes 
wholly unsatisfactory 

the Microscope in Use —Optically, it is a matter of indifference 
whether the mstrument be used m the vertical position or inclined 
Examination of fluids requires the honzontal stage, and since much 
of the work of the clinical laboratory is of this nature it is well to 
accustom one’s self to the use of the vertical microscope WTitle work- 
ing one should sit as nearly upright as is possible compatible with 
comfort, and the height of the scat should be adjusted with this m 
view 

It is always best to “focus up,” which sav'es annoyance and prob- 
able damage to slides and objecliv es This is accomplished by bringing 
the objective nearer the slide than the proper focus, and then, with 
the eye at the eyepiece, tunung the tube up until the object is dearly 
seen The fine adjustmeni should be used only to gel an exact focus 
mth the higher pciter objectives after the instrument is in approximate 
focus It should not be turned more than one revolution 

There will be less fatigue to the eyes if both are kept open while 
using the microscope, and if no effort is made to see objects which 
are out of distmct focus Fine focusing should be done mth the line 
adjustment, not wifh the eje An cicperienced microscopist keeps his 
fingers almost constantlj upon one or other of the focusmg adjust 
ments 

Although the ability to use the eyes interchangeably js some- 
times very desirable, greater skill in recognizing objects will be 
acquired if the same e>e be always used The left eye is the more 
convement, because the right eye is thus left free to observe the 
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drawing one maj wish to do with the nght hand After a httle prac 
tice one can cause the microscopic image to appear as if projected 
upon a sheet of paper placed close to the microscope under the free 
eje This gives the effect of a camera lucida, and it becomes very easy 
to trace outhnes ^Vhen one is accustomed to spectacles they should 
not be remo\ed 

It IS \ery desirable that one tram oneself to work with the low 
power objecti\ e as much as possible, reserving the higher powers for 
detailed study of the objects which the low power has foimd This 
makes both for speed and for accuraty A search for tube casts, for 
eicample, with the 4-mm objective is both time consuming and 
hable to failure Even such nunute structures as nucleated red cor 
puscles in a stained blood film are more quickly found with an 8 mm 
or even a 16-mm objective oimbmed with a high ocular than with 
the oil immersion lens It is difRcult for one who 
has not measured it to realize how small is the 
“real field,” that is, the actual area of the 
shde which is seen through the rmcroscope 

(rig 11) 

To be seen most clearly, an object should 
be brought to the center of the field Aattly of 
vtston util be greatly enhanced and fatigue 
lessened if all light except that uhtch enters 
through the microscope be excluded from both 
eyes Strong light should not be allowed to 
fall directly upon the surface of the slide as 
th is clouds the image, espeaallj with low 
powers To this end various shades have been devised and some 
workers go so far as to work inside a small tent constructed of stnps 
of wood covered with black cloth, the source of illumination being 
placed outside the tent 

A useful pointer can be made by placmg a straight piece ol a 
ha.r axy£\S5 the tyiexun^ of the ibaphra^m of the eji^^iecq. ceroentit^ 
one end with a tmy drop of balsam, and cuttmg the hair m two m 
the middle with small scissors WTien the e>epiece i^ in place, the 
hair appears as a black line extending from the periphery to the 
center of the microscopic field If the pomter does not appear sharply 
defined it is out of focus, and the diaphragm must be raised or lowered 
a httle within the ocular 

One ofien wishes to mark a particular field upon a permanent 
preparation so as to refer to it agam If the mechamcal stage is per 
manently fastened to the stage of the rmaoscope, the vermer can 


eaxenvts 



Fig 11 —Showing the 
size of the real fields 
(actual areas seen through 
the microscope) with va 
nous objectives and oeu 
lars and tube length of 
160 mm The sue differs 
shehtly with different 
makes. 



l8 USE OF THE MICROSCOPE 

be used for marking the position of an object on the slide There are 
on the market se\cral “object markers ’ by i\hich a desired field can 
be marked ^ith ink, or by a circle scratched on the co\er glass by a 
minute diamond, uhile the slide is in place on the microscope The 
arcle is easily located with a low power In the absence of these one 
can, labile using the low power, place mmute spots with a fine pen 
at the edge of the field on opposite sides 

A good markmg material is a cement winch Todd used for marking 
f y 11 s rmguig co\er glasses and so forth To a few ounces of white shellac 
m wood alcohol add an equal volume of gasoline, shake thoroughly, and 
let stand for twenl> four hours, or until well separated into two layers 
Pipet off the dear lower portion add 5 to 10 drops of castor oil to each 
ounce, and color with any aniline dye dissolved m absolute alcohol Wien 
too thick, thin with alcohol This makes a beautiful transparent, easy 
flowmg cement which does not crack and which is not readilj attacked by 
Rjlol 

Many good workers advnse against the use of spring clips to 
hold the slide against the stage of the microscope Manipulation of 
the slide with the fingers alone ccrtamlj gives good trainmg in deli 
cacy of touch, and is desirable when examining infectious material 
which might contaminate the clips or when one must detect slight 
pressure of the objective upon the mer glass, as m studying a 
hanging drop preparation Tor the majonty of examinations, how 
ever, it is more satisfactory to use a dip at one end of the slide, with 
just sufEaent pressure to hold the shde without mterfermg with its 
freedom of movement 

Occasionally when one wushes a very low power obj'ective for 
some speaal work it may be desirable to unscrew the front lens of 
the 16-inm objective and use the back lens only This procedure is 
not recommended for critical work, and it should not be tried with 
high power objectives, uhtch must ncser be taken apart 

To attach an objective it should be supported in position against 
the nosepiece by means of the index finger and middle finger, which 
gnsp It as one would a cigar It is then screwed into place with the 
fingers of the other hand 

Care of the Microscope. — The microscope is a delicate instrument 
and should be handled accordingly Even slight disturbance of its 
adjustments may cause senous trouble It is so heavy that one is apt 
to forget that parts of it are fragile It seems unnecessary to say that 
when there is unusual resistance to any manipulation, force should 
never be used to overcome it until its cause has first been sought, 
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and yet it is no uncommon thing to see students, and even graduates, 
piish a high power objective against a microscopic preparation with 
such force as to break not only the cover glass, but even a heavy slide 
To bend the instrument at the joint the force should be applied 
to the pillar and never to the tube or the stage 

The miaoscope should be kept scrupulously clean, and dust must 
not be allowed to settle upon it When not in use the instrument should 
be kept m its case or under a cover An expensive glass bell jar is 
not needed, and m fact, is undesirable, except for display It is heavy 
and awkward to handle, and when lifted is alm ost certam (unless 
great care is exercised) to strike the microscope It is particvilarly 
liable to stnke the mechanical stage and disturb its adjustment The 
simplest, cheapest, lightest, and probably the best cover for the 
microscope is a truncated cone or pyramid of pasteboard, covered 
With cretonne or similar material This is easily made at home In the 
absence of a speaal cover a square of lintless cloth may be draped 
over the microscope 

Lens surfaces which have been exposed to dust only should be 
cleaned with a camel s hair brush A small brush and a booklet of 
lens paper should always be at hand in the microscope case Those 
surfaces which are exposed to finger marks should be cleaned with 
lens paper, or a soft linen handkerchief, moistened with water if 
necessary The rubbing should be done very gently and with a circular 
motion Particles of dirt which are seen m the field are upon the 
shde, the eyepiece, or the condenser Their location can be deter 
mined by movmg the '^bde, rotating the ejepiefe, and lowering the 
condenser Dirt on the objective cannot be seen as such, it causes a 
diffuse cloudiness When the image is hazy, the objective probablj 
needs cleaning, or in case of an oil immersion lens, there may be 
bubbles in the oil 

Oil and balsam which have dned upon the lenses — an insult 
from which even dry objectives are not immune — may be removed 
wjth or vyJnl, but these solvents roust be used SDannjrly 

and carefully, as there is danger of softening the cement between the 
components of the lens Some manufacturers now claim to use a 
cement which resists i^lol Care must be taken not to get any alcohol 
upon the brass parts, as it will remove the lacquer Balsam and 
dried oil are best removed from the brass parts with x>lol 

When the vulcanite stage becomes brown and discolored the black 
color can be restored by rubbing well with petrolatum 

Measurement of Microscopic Objects — The importance of size in 
identification of microscopic structures cannot be too strongly em- 
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phasized Even \cr> rough measurtments mil olltn pre\cnl humihat 
mg blunders The principal microscopic objects which are measured 
clinically arc animal parasites and their o\a and abnormal blood 
corpuscles The metric system is used almost exclusively Tor very 
small objects, 0 001 mm has been adopted as the unit of measure- 
ment, under tlie name mterott It is represented b> the Greek letter n 
For larger objects, uhcre exact measurement is not csscnlml, the 
diameter of a red blood corpuscle (7 to 8 ft) is sometimes taken ns a 
unit Of the several methods of measurement, the 
most conv enieni and accurate is the use of a micro- 
meter eyepiece In its simplest form this is similar to 
an ordinary eyepiece, but ft has within it a glass disk 
upon which is ruled a gndualed scale When this eye 
piece IS placed m the tube of the microscope, Uie ruled 
lines appear in the microscopic field, and the size of 
an object is readily determined in lerms of the dmstonj 
oj this scale The value of these divisions in miUimctcrs 
manifestly vanes with different magnifications Their 
value must, therefore, be ilctermmcd separately for 
each objective This is accomplished through use of a 
stage micrometer— a glass slide with carefully ruled 
scale divided into subdivisions, usually hundredths of 
a milluncter The stage micrometer is placed upon the 
stage of the microscope and brought into focus The 
tube of the microscope is then pu'^hed in or pulled 
out until two lines of the one '■calc exactly coinadc 
with two lines of the other From the number of 
divisions of the eyepiece scale which then corresjxind 
to each diMsion of the stage micrometer the value of 
12 — Sole tl*® former in micra or in fractions of a milltmcter is 
o! the Hep easily calculated Tins vcfiie, oJ course, holds good only 
for ihe ol^ectre and the lube length ittih uhtch tl vas 
found The counting slide of the hcmacy tomeler will 
answer m place of a stage micrometer, the lines which form the sides of 
the small squares used in counting red blood corpuscles being SO micra 
apart ’\Vnen using the counting chamber with an oil immersion lens 
a cover must be used, otherwise the oil will fill the ruled lines and 
cause them to disappear Any eyepiece can be converted into a 
micrometer eyepiece by plaang a micrometer disk — a small arcular 
glass plate with ruled scale — ruled side down upon its diaphragm If 
the lines upon this are at all hazy , the disk has probably been inserted 
upside down, or else the diaphragm Is out of its proper position 
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Usually it can be pushed up or down as required The "step inicrom 
etcr cjcpicce is \cry satisfactory The steplike arrangement of the 
scale (Fig 12) makes it easy to read, and the duisions are such that 
thej read m microns or easj multiples of microns with little or no 
change from the regular tube length 

The followang method of micrometry is less accurate, but is fairly 
satisfactorj for comparatively coarse objects, such as the ova of 
parasites A ruled scale corresponding to the magnified image of the 
hcmaq'tomclcr ruling is drawn upon cardboard in the manner de 
scribed for ascertaining magnifications (p IS), except that the card 
is placed upon the table beside the microscope and not nccessanlj at 
a distance of 10 inches from the e>c This card may then be used as 
a micrometer and should be inscnbcd mth the value of its gradua 



! 1 

I- g — Pgg of Tttfnia safin^o Tjeopodura pranulw used as nucrometer as de 
•CTibed in the lest S n« the granu'es average 10 u m diameter the egg is seen by com 
panson to be about by 40 |i (photograph X I*®) 

tions, and the objective, ocular, and tube length with which it is to 
be used In the example cited upon page 15 the lines on the card 
arc 5 mm apart, corresponding to an actual distance of 50 n To 
measure an object, the cardboard is placed in the position which it 
Wfufued when made (ujxin the table at the right of the microscope) 
The lines and the objects on the slide can then be seen together, and 
tJie space covered bj any object mdicates its siae The graduations 
made as above indicated arc too coaree for most work and they 
should be subdiv ided If five subdivisions are made, each will have a 
value of 10 n 

Tuttle has suggested that in fecal and other examinations a httle 
lycopodium powder be mixed with the materia! The granules are of 
fairly imiform size — 30 p m diameter — and are easily recognized 
(Fig 13) They furnish a useful standard with which the size of 
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Other structores can be compared. Care must be exercised not to 
use too much powder The lyoipodium U conveniently kept in a 
gelatin capsule, and a faint cloud can be dusted over the slide by 
gently scraping the edge of the lid upon the rim of the capsule 

Photomicrography. — ^Although high-grade photomicrography re- 
quires ex'pensive apparatus and oJnsidcrablc skill in its use, fairly 
good pictures of microscopic structures can be made by any one 
with simple instruments 

Any camera which is equipped with a focusing screen may be 
used It is best to remove the photographic lens. The camera is placed 
with the lens opening looking into the eyepiece of the microscope, 
which may be in either the vertical or the horizontal position. One 
can easily rig up a standard to whidi the camera can be attached 
in the proper position by means of a tripod screw A light-ti^t con 



Fig 14 —keukcfflic blood (about X 650) Photograph takrn mlbaRodai, asdncnbedin 
ibf left 

nection can be made of a cylinder of pajier or a cloth sleeve with 
drawstrings The image will be throwm upon the ground glass focus- 
mg screen, and is focused by means of the fine adjustment of the 
microscope The degree of magnification is ascertained by placing the 
ruled slide of the blood counting instrument upon the microscope 
and measuring the image on the screen The desired magnification is 
obtained by changing objectives or eyepieces or lengthening the 
camera draw 

Focusjng is ccinpjirstii^y easy mtb iytr potrens, but fvbeu us/uff 
an oil immersion objective it is a difficult problem unless the source 
of light be very brilliant. If one always uses the same length of 
camera and microscope tube, a good plan is as follows* Ascertain 
by trial with a strong light how far the fine adjustment screw must 
be turned from the correct ej'e focus to bring the image into sharp 
focus upon the ground glass screen At any future time one has 
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only to focus accurately with the ^e, bring the camera mto position 
and turn the fine adjustment the reqmred distance to right or left 
When the camera draw is 10 mches little or no change m the focusing 
adjustment will be necessary 

The hght should be as mtense as possible in order to shorten 
exposure, but any light that is satisfactory for ordinary microscopic 
work will answer The hght must be carefully centered It is nearly 
always necessary to insert a colored filter between the hght and the 
microscope The filter should have a color complementary to that 
which it is desired to brmg out strongly m the photograph For blue 
structures, a yellow filter, for red structures a green filter For the 
average stamed preparation, a picnc aad yellow or a yellowish green 
will be found satisfactory For deeply stained objects whose strength 
it IS desired to reduce, and for all objects within which it is desired 
to brmg out as much of the internal detail as possible a filter of the 
same color should be used 

Very fair pictures can be made on Kodak film but orthochromatic 
plates (of which Cramer’s “Iso” and Eastman’s D C ‘Ortho 
are examples) give much better results Panchromatic plates like the 
Wratten “M ” or Eastman’s Process Panchromatic are still better 
but are more difficult to handle because more sensitive to red light 
In order to avoid halation all plates should if possible be ‘ backed 
The length of exposure depends upon so many factors that it can be 
determmed only by trial It will probably vary from a few seconds 
to fifteen minutes Plates are developed in the usual way Either the 
tray or tank method may be used, but in order to secure good con 
trast it is often desirable to overdevelop somewhat Metol hydro- 
qumone is an excellent developer as it gives good contrast with 
full detail 

Choice of a Microscope — ^It is poor economy to buy a cheap 
mstrument 

For work m a chmcal laboratory the microscope should preferably 
be of the handle arm type and should have a large stage It should 
be provided with a substage condenser preferably of I 40 n a ), three 
or more objectives on a revolving nosepiece and two or more eye 
pieces After one has learned to use them the new single objective 
binocular microscopes (Fig 15) are extremely satisfactory, giimg an 
impression of stereoscopic vision, also enablmg the worker to keep 
both eyes open with no feeling of strain The distance between the 
tw’O eyepieces is adjustable to allow for differences in pupiUarj dis- 
tances of different mdividuals, the left eyepiece may also be focused 
by tummg it slightly and thus adjustmg it for any shght refractive 
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differences of the two ejes If there is a bad refractive error it may 
be necessary to ha%e speaal lenses ground for the ejepieces to obtain 
stereoscopic effects Microscopists generally prefer binocular to mon 
ocular instruments when they berome famihar with their use 

The most generally useful objectives are 16 mm , 4 mm , and an 
oil immersion, nbich usually is 1 9 or 1 S mm The 4-mm objective 
may be obtained mth N A of 0 65 to 0 85 If it is to be used for 
blood counting the former is preferable, since its workmg distance 
is suffiaent to take the thick cover of the blood counting instrument 
For coarse objects a 32 mm objective is very desirable The eyepieces 
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most frequently used are Sx and lOx A very low power (2x) and 
a verv high (15x) will sometimes be found useful The micrometer 
eyepiece is almost a necessity A mechanical stage is almost mdis 
pensable for differential counting of leukocytes and certain other work 
of the clinical laboratory An attachable mechanical stage vs illustrated 
m Figure 16 

Practical Exercises — The following is a brief outline of certain 
exercises which have been found useful in teachmg microscopy The 
student must learn as early as poKible what can be expected of his 
microscope with proper manipidation When he sits down to work 
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dark outlmes This means that they are "highly 
refractive”— a term much used in describing micro- 
scopic structures — or, more correctly, that their 
mdex of refraction differs greatly from that of the 
medium m which they are mounted 
(J) Treat one with dilute Lugol’s or Gram s iodine solution 
Note the change in color of the granules This is the 
standard test for starch 

(6) Yeast which has been growing m a dextrose solution Jlake 

tuo preparations 

(a) Examme one unstained Note "budding ” 

(i) Treat one with iodine solution Compare color of yeast 
with that taken by starch 

(7) Hold from moldy food Note hjpliae and spores Try the 

effect of iodine 

(8) Various fibers and other structures mounted in a drop of 

ualer 
(a) Cotton 
(i) Wool 
(c) Linen 
(<0 Silk 
(e) Feather tip 

(0 Some dust from a carpeted room 
(i) A hair 

(/i) Pollen from as many species of ffou era as possible 

(9) Some of the scum from the bottom of a stagnant pool Note 

the abundance of microscopic life Look espeaally for 
dutoms, amebae, and ciliated organisms 

(10) Test your proficiency m usmg the microscope by trymg to 
resolve diatoms For the 4-mm objective use Plcuwigttta 
angulalum The dots should be clearly seen For the oil 
immersion kns use Siirtrcll<i gemma The fine lines between 
the ribs should be seen as rows of dots As a most cntical 
test, both of the oil immersion lens and of your skill m 
mampulation, use Amphipleura pcUucida Select a diatom 
of large size Use obhque illummation and endeavor to 
bring out the cross stnations Try the same with central 
light, although you are not likely to succeed These stria 
Uons consist of xovps of extremely minute dots, which can 
be seen only under the most favorable conditions such as 
are rarely attained m chnical work 

A NOTE ON THE MAGNIFICATIONS USED FOR THE ILLUSTRATIONS 

The appearance of microscopic structures can generally be well 
shown by photomicrographs or good drawings, but as to their size. 
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which is equally important for their identification, the picture itself 
gives no hbt unless some object which is familiar to us has been 
included. Circular pictures, indeed, are often actually misleading. 
They generally represent only a small area from the center of the 
microscopic field of view; but to many persons they appear to repre- 
sent the entire field, and objects which occupy a large portion of the 
picture are accordingly visualized as occupying a correspondingly 
large part of the microscopic field and therefore as being much larger 
than they really are. 

In order to derive the greatest possible benefit from study of the 
illustrations of microscopic structures, it is necessaiy that the student 
train himself to interpret the Mze of the pictured objects in terms of 
the magnifications afforded by his own microscope. To this end, the 
magnifications at which these objects are depicted are indicated 
beneath the illustrations. For example, Fig. 8 of Plate XII shows a 
tapeworm egg photographed at 250 ^ameters, and represents it about 
as it appeared with the 4*mm. objective and 6X ocular, and about 
twice as large as it appeared with a 16-mm. objective and 12.5-mm. 
ocular. The actual size of the object is found by measuring its pic- 
ture and dividing by the stated magnification. In this case the pictured 
egg is about 9 mm. long, and the egg itself was approximately 36 /i 
long. In order to make up for imavoidable loss of detail in reproduc- 
tion, the illustrations have in most cases been made at somewhat 
higher magmfications than are generally used for study of the objects 
in question. In many cases the same object is shown at both high and 
low magnifications. 

The magnifications afforded by the different combinations of one’s 
objectives and oculars can ea^y be found by the method given on 
page 15, or by consulting the maker’s catalog. 
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dark oullmes This means that they are "highly 
refractive” — a term much used id describmg micro- 
scopic structures — or, more correctl>, that their 
index of refraction differs greatly from that of the 
medium in whnffi they arc mounted 

(6) Treat one with dilute Lugol’s or Gram's iodine solution 
Note the change in color of the granules This is the 
standard test for starch 

(6) Yeast which has been growing in a dextrose solution Make 

two preparations 

(a) Examine one unstained Note "budding " 

(A) Treat one with lodme solution Compare color of yeast 
with that taken by starch. 

(7) Mold from moldy food Note h>phae and spores Try the 

effect of lodme 

(8) Vanous fibers and other structures mounted m a drop of 

water 
(a) Cotton 
(A) Wool 

(c) Linen 

(d) Silk 

(«) Feather lip 

(0 Some dust from a carpeted room 
(f) A hair 

(/;) Pollen from as many species of (lowers as possible 

(9) Some of the scum from the bottom of a stagnant pool Note 

the abundance of microscopic hfe Look espeaally for 
diatoms, amebac, and abated organisms 

(10) Test your profiacncy m using the microscope by trying to 
resolve diatoms For the 4-mm objective use Ptcurostgma 
angulaliim The dots should be clearly seen For the oil 
immersion lens use S’Krtretfo gwma The (ine lines between 
the nbs should be seen as rows of dots As a most critical 
test, both of the oil immeision lens and of your skill in 
manipulation use Ampkt^atra pellucjda Select a diatom 
of large sue Use obbque illumination and endeavor to 
bring out the cross stnations Try the same with central 
Lght, although you arc not likely to succeed These slna- 
tions consist of sows of extremely minute dots, which can 
be seen only under the most favorable conditions such as 
are rarely attained m clinical work. 

A NOTE ON THE MAGNIFICATIONS USED FOR THE ttl-USTRATIONS 

The appearance of microscopic structures can generally be well 
shown by photomicrographs or good drawing, but as to their sue, 
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which IS equally important for their identification, the picture itself 
gi\es no hint unless some object which is famihar to us has been 
mcluded Circular pictures, indeed, are often actually misleading 
They generally represent only a small area from the center of the 
nucroscopic fidd of view, but to many persons they appear to repre 
sent the entire field, and objects whiA occupy a large portion of the 
picture are accordmgly visualized as occupymg a correspondmgly 
large part of the microsoipic field and therefore as bemg much larger 
than they really are 

In order to derive the greatest possible benefit from study of the 
illustrations of microscopic structures, it is necessary that the student 
tram himself to mterpret the size of the pictured objects m terms of 
the magnifications afiorded by his own microscope To this end, the 
magnifications at which these objects are depicted are mdicated 
beneath the illustrations For example. Fig 8 of Plate xn shows a 
tapeworm egg photographed at 250 diameters, and represents it about 
as It appeared with the 4<Qim objective and 6X ocular, and about 
twice as large as it appeared with a 16-nun objective and 12 5 mm 
ocular The actual sue of the object is found by measurmg its pic 
ture and dividmg by the stated magmfication In this case the pictured 
egg IS about 9 mm long, and the itself was approximately 36 (i 
long In order to make up for unavoidable loss of detail m reproduc 
tion, the illustrations have m most cases been made at somewhat 
higher magmficatioos than are generally used for study of the objects 
m question In many cases the same object is shown at both high and 
low magnifications 

The magnifications afforded by the different combmations of one’s 
objectives and oculars can easily be found by the method given on 
page 15, or by omsultmg the maker’s catalog 
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THE SPUTUM 

Pieliminaiy CopsidetaUons — Before begmmng the study of the 
sputum the student wU do well to familiarize himself with the struc- 
tuies which may be present m the normal mouth, and which fre- 
quently appear m the sputum as contammations Nasal mucus and 
matenal obtained by sciapmg the tongue and about the teeth should 
be studied as desenbed for unstained sputum A drop of Lugol’s 
solution should then be placed at the edge of the cover, and, as it 
runs under, the effect upon different structures noted Another por- 
tion should be spread upon slides or covers and stamed by some 
simple stain and by Gram’s method The structures hkely to be 
encountered are epithebal cells of columnar and squamous types, 
leukocytes, chiefly mononuclear, the so called "salivary corpuscles”, 
food particles, Leplolrtcha buccalts, great numbers of saprophytic 
bactena, and frequently "spirochetes" and endamebae These struc 
tures are desenbed later The so called "normal morning sputum ' is 
described on page 60 

\\ hen collecting the sample for exammation the mommg sputum, 
or the whole amount for twenty four hours, should be saved In 
beginning tuberculosis tubercle baalli can often be found m that 
first coughed up m the mommg, when they cannot be detected at any 
other lime of day Sometimes, in these early cases, there are only a 
few mucopurulent flakes which contam the bacilli, or only a small 
purulent mass every few days, and these may easily be overlooked by 
the patient 

Tatients should be mstructed to nnse the mouth well, m order 
to avoid contarmnation wth food particles which may prove con 
fusing in the examination, and to make sure that the sputum comes 
from the lungs or broncfii and oat from the nose and nasopicarynje 
Many persons find it diffcult to distinguish between the two sources 
It 13 desirable that the material be raised with a distmct expulsive 
cough, but this IS not always possible In some cases of chrome 
tuberculosis there may be no enu^ at all, the small masses of sputum 
rising by action of bronchial and tracheal ciha, and the patient 
becommg conscious of them only when they reach the larynx, and 
often swallowing them without realizing their significance Matenal 
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from the upper air passages can usually be identiBed by the large 
proportion of mucus and the character of the epithelial cells 

The sputum of infants and young children is usually swallowed 
and therefore cannot be collected In such cases ctammation of the 
feces for tubercle bacilli will sometimes establish a diagnosis of 
tuberculosis 

As a receptacle for the sputum a clean, widc-mouthed bottle %vith 
tightly fitting cork may be used The patient must be particularly 
cautioned against smearing any of it upon the outside of the bottle 
This IS probably the chief source of danger to those who cvaraine 
sputum Disinfectants sliould not be added lUtbough some of them 
phenol, for example) do not interfere vsith detection of tubercle 
bacilli, they generally so alter the character of the sputum as to 
render it unfit for other examinations 

The following outline is suggested for the routine examination: 

1 Spread the matecul in a thin hycr m a large Petn dish or between 
tno plates of gloss The use of glass plates is messy, but is to be rccom 
mended for careful work The top plate should be much smaller than 
the lo^er one, or have some sort of handle 

2 Examine all ports carefully with the naked c>c or ^wth a hand lens 
This IS best done over a black background nine)) is placed some distance 
bclon The ordinary paper picnic plate, onC'haU of vvbicb is painted black, 
makes a convenient tray, but the black background is loo close fur greatest 
cihcicncy The portions most suitable for further examination may thus be 
easily selected TJsis macroscopic examinaiion should never be omitted 

3 Transfer vanous portions, including ah suspiaous particles, to clean 
slides, cover, and examine unstained with the microscope (p 3a) A wooden 
applicator may be used to transfer selected portions of sputum to the glass 
slide The applicator is then used as a spreader, and can be burned m the 
Bunsen flame 

4 sup the covers from some or aU of the above unstamed preparations, 
Icavmg a thm smear on both slide and cover 

5 Diy and fix the smears and stam one or more by each of the foUowmg 
methods 

(a) For tubercle bacilli (p 45) 

(b) Gram s method (p 7M)) 

6 ^Vhen indicated, make special examinations for— 

(a) Capsules of bacteria (p 53) 

lb) Eosmophilic cells (p 57) 

(c) Presence of albumm (p aSO 


After the examination the sputum must be destroyed by heat or 
chemicals, and everythmg which has come m contact with it must 
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be sterilized The utmost care must be taken not to allow any of it 
to dry and become disseminated through the air If flics are about, 
It must be kept covered It is a good plan to conduct the examination 
upon a large newspaper, which can then be burned Contammation 
of the uork table is thus avoided If this is not feasible, the table 
should be washed off mth 10 per cent lysol or other dismfectant solu 
lion, and allowed to dry slowly, as soon as the sputum work is 
fimshed 

Examination of the sputum is most conveniently considered under 
four heads I Pb>sical exanunation II Microscopic examination 
III Chemical examination IV Characteristics of the sputum in 
various diseases 

I PSYSXCAI. EXAMIMATION 

J'^uantity — The quantity expecloralcd m twenty four hours 
vanes greatly It maj be so sh^t as to be overlooked entirely m 
beginning tuberculosis It is usi^y small in acute bronchitis and 
lobar pneumonia It may be very large — sometimes as much as 
^ 100Q_c c — in advanced tuberculosis wnth bre e cavities, edema of th e 
lung b~ronc_h iectas is, andToUowmg rupture of a n abscess or empyema 
It is desirable to obtain a^geoeral idea of the quantity, but accurate 
measurement is unnecessary 

3 Color — Since the sputum ordinarily consists of \ aryuig pro- 
portions of mucus and pus, it may vaiy from a colorless, translucent 
mucus to an opaque, whitish or yellow, purulent mass A yellowish 
green is frequently seen m advanced phthisis and chronic bronchitis 
In laundice, m ca seous oneumonia~ and in slowly resolving lobar 
pneutpotiia It may assume a bright ^ecn color , due to bile or altered 
blood pigment 

A red or reddish broivn colo r usually indicates the presence of 
blood or of a pigment derived from it Bright red blood, most com 
monly in streaks, is stron^y suggestive of phthisis It may be noted 
early m the disease and generally denotes anljxtcQsion of the tuber 
culous process One must, however, be on his guard against blood 
streaked mucus or mucopus onginating in nasopharyngeal catarrh 
Tuberculous patients not infrequently mistake this for true sputum 
and become much womed because of it Blood stained sput um is 
also sometimes seen m b ronchiectasis A rusty red sputum is the 
rule m croupous pneumonia, and was at one time considered pathog 
nomoiuc of the disease Exactly similar laatenal may he raised_m 
pulmonary mfarction “Prune lU ice” sputum is said to be charac 
tenstic of “drunkard*s pneumonia^ It at least indicates a dangerous 
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tjTie of the disease, as it is apparently referable to coinadent edema 
of the lung A brown color, due to altered blood pigment , follows 
hemorrhages from the lungs, and is present, to greater or less degree, 
m chronic passi\ e cangestion of the lungs, which is most frequently 
due to a heart lesion 

Gray or black sputum is observed among those who work much 
m coal dust, and is occasionally seen m smokers who are accustomed 
to 'TnEalP* 

Consistence — Accordmg to their consistence sputa are usually 
classified a s serous , mucoi d, purulen t, ^ropimilen t. or mucopurulent, 
which names cxpbm themselves As a rule, the more mu^ and the 
less pus and serum a sputum contains, the more tenacio us ikis 
The rusty sputum of croupous pneumonia is extremel y tenaaous, 
so t hat the v essel m which it is contained may be mverted withou t 
spilling It. The same is true oi the almost purely m ucoi d sputu m 
P^iputum crudum") of begiunmg acute bronchitis, and of that which 
follows an attack of asthma A purely serous sputum, usually sli^tl y 
blood tinged , is fairly charactenstic of edema of the lungs 

Formerly much attention was paid to the so-called '^nummular 
sputum ** This consists of definite mucopurulent masses which fiatten 
out into coinhk e disks an d sink m water It is fairly characterutic of 
tuberculous an<rbioircHIectatic cavities 

FornfalJorb— -Some spiita show a sinking tendency to 
separate into three sharply defined la>ers when a large volume is 
allowed to stand m a tal l vessef~ Tfiisis~DOtably true‘i5 *Ef6Qchtectasis, 
gangrene, and ab;yc(-s<!i nf _the lung 

Dittrich's Plugs — ^\Vhile these bodies sometimes appear m the 
sputum, they are more frequently expectorated alone They are yel 
lowish or gray caseous masses, usually about the size of a pm head, 
but sometimes rea chin g that of a bean ^Vhen crushed, they emit 
a foul odor Microscopically, they consist of granular debns, fat 
globules, fatty aad crystals, and bactena They are formed m the 
bronchi, and are someti me eypectorated by healthy person s, but are 
more frequent m p utnd bronchitis and bronchiect asis The laity 
commonly regard them as evidence of tuberoiiosts The similar 
caseous masses which are formed m the crypts of the tonsils are some- 
times also mcluded under this name 

6 Lung Stones — At times dunng the course of chrome tuber- 
culosis small calofied nodules of tuberculous tissue may be expec 
torated, and these constitute the great majority of the so aUled 
“pneumohths ** Small foreign bodi^, bits of clothing, and so forth, 
earned mto the lung by gunshot and other mjunes, may sometimes 
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remain for years and finally ulcerate into a bronchus and be expec- 
torated, usually with hemorrhage 

Bronchial Casts —These ate br anchin g, treelike casto of the 
bronchi, frequently, but not always, composed'of fibrin (Figs 17 and 
18) In color they are usually white or grayish, but may be reddish 
or brown from the presence of blood pigment Their si 2 e vanes with 
that of the bronchi m which they ate formed Casts 15 or mote 
centimeters m length have been observed, but they are usually very 
much smaller Ordinarily they are rolled into a ball or tangled mass 
and can be recognized onl y by floating out m wa ter — best over a 
black background — when their 
treelike structure becomes evi 
dent Thenakcd e>eexaniination 
will usually sufiice, occasionally 
a hand lens may be required 
Bronchial casts appear in the 
s putum_i n croupous pneumonia 


F g 1 7 — Tlronch "U cast$ *cen v ben 
carerull)' spread out aad westtl o cr a 
blacV background Natunluzc Mtrefre' 
quently only brokea pieces are found 

m fibrinous bronchitis, and in diphtheria when the process extends into 
the bronchi In diphtheria they are usually large In fibnnous or 
chrome plastic bronchitis they ate of medium size and usually of 
characteristic structure Their demonstration is esscntuil for the diag 
nosis ol this disease In some cases they may be found every day for 
considerable fienods, m others, only occasionally In almost every 
case oi gou p ous pneumonia the casts are present in the sputum ui 
vanable numbers during the stage o f he patization^ and beginnmg 
resolution Here they are usually stnalT^^ toT^m m length) and 
are often not branched 




F« Jft —Unusually large and perfect 
btoodual cast. O&e half saluial aiz* 
(Speocer) 
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n. MICROSCOPIC EXAMINATION 

The portions most likely to contam structures of mterest should 
be veiy carefully selected, as already described The few mnules 
spent ill this prehmtnary examtnalton wll someiines save hours oi 
iiork later Opaque, ■white or jellow particles are most frequently 
bits of food, but may be cheesy masses from the tonsils, particles, 
sometimes caseous, deri\ed from tuberculous cavities and containmg 
many tubercle baolh and elastic fibers, Curschmann's spirals, or 
small fibnnous casts, coiled into little balls, or shreds of mucus wth 
great numbers of entangled pus corpuscles The food particles most 
apt to cause confusion are bits of bread, which can be recogmzed by 
the blue color which they assume when touclied with lodme solution 
Some structures are best identified without staimng, others require 
that the sputum be stained 


A. Unstaiked Spotdm 

A careful study of the unstained sputum should be included m 
every routme eaammation Unfortunately, it is almost universally 
neglected It best reveals certain structures which are seen imper 
fectly or not at all m stamed preparations It gives a general idea of 
the other structures which are present, such as pus corpuscles, eosmo 
phils, epithehal cells, and blood, and thus suggests appropriate stams 
to be used later It enables one to select more mlelhgently the portions 
to be examined for tubercle bacilli 

The particle selected for e:^calmnatlon should be transferred to a 
dean shde covered with a dean cover glass, and examined with the 
Ifi-mm objective, followed by the 4-mm The oil immersion lens 
should not be used for this purpose It is convement to handle the 
bits of sputum with a wooden toothpick or with a wooden colton- 
appheator, which may be burned when done with The platinum 
ware used m bactenologic work is unsatisfactory because not usually 
stiff enough A little practice is necessary before one can handle 
partides of sputum readily The bit desired should be separated from 
the bulk of the sputum by cutting it free with the toothpick and 
drawing it out upon the dry portion oi the glass dish It can then be 
picked up by rotating the end of a fresh toothpick against it The 
slide must never be dipped into the sputum, nor must any of the sputum 
be allotted to run <rer its edges in spreading 

The more im portant structures to be se en m i mstained_spubim 
are Elastic fibers. Curschmann^s spirals^ Charcot Levde w-c r^stals. 
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and molds. Penning the background for these are usually pus cor- 
puscles, granular detritus, and mucus in the form of translucent, 
finely fibrillar, or jelly-like masses. The pus cells appear as finely 
granular grayish or ycUowisli balls, about 10 to 12 /i in diameter, and 
generally without visible nuclei (Figs. 25 and 26). They are best 
studied in stained preparations. 

wI^^EIastlc Fibers.— These are the elastic fibers of the pulmonary 
substance, where they are distributed in the walls of the alveoli, the 
bronchioles, and the blood vessels. When found in the sputum they 
always indicate destructive disease of the lung, provided they do not 
come from the food, which is a not infrequent source. They are found 
in abscess and gangrene of the_Iu^, but in the vast majority of cases 
their presence indicates tuberculosis. Advanced cases of tuberculoris 
often show great numbers, and, rarely, they may be found in early 



Hr 19 — ElasUc fibers u tuberculous sputum, urrstauied, as seen ^^th a low power ob- 
jective (X 1001. 

tuberculosis, when the baalli cannot be detected. After the diagnosis 
is established they furnish a valuable due as to the existence and 
rate of lung destruction. Imga ngrene of the )ung. contrary to the older 
teaching, elastic tissue is probably always present in the sputum, 
usually in large fragments. 

The portion of sputum to be searched for elastic tissue should be 
selected by careful inspection Small bits of necrotic rissue, or yellow- 
ish, greenish, or rusty partides, which are often minute, are most 
favorable; when these are absent the most purulent portion of the 
sputum should be taken The selected bit is taken on a slide, and a 
cover glass is applied and pressed down so as to giv e a moderately tliin 
preparation, which is examined before it dries. Careful selection of the 
portion examined is more effident than is the concentration method- 
boiling with 10 per cent caustic soda and centnfu^lizing — which is 
widely recommended. 
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The search should be conducted with the 16-mm. objective, 
although a higher power is often needed to identify the fibers with 
certainty. They are slender, highly refractive, wavy fibrils with 
double contour and curled, often split, ends. Very characteristic are 
their graceful curves without sharp bends, their uniform diameter, 
and their smoothness, although m old sputum they may become 
much roughened. The fibers may lie singly or m bundles Frequently 
they are found in alveolar arrangement, preserving the original out- 
line of the alveoli of the lung (Figp 19 and 20). This arrangement is 
positive proof of their origin in the lung. 

Ltpiolrichia buccalis, which is a normal inhabitant of the mouth, 
may easily be mistaken for elastic tissue with the low power. It can 



Hg 20 — niasUc fibers in tubetuulous sputum, unstained, as seen uith a lugh pon er ob* 
jccUve (X 400) 

usually easily be distinguished when studied with the 4-mm ob- 
jective In case of doubt the iodine reaction (p 613) may be tried, 
although not all forms of leptothrix react characteristically. Fatty 
acid crystals, which are often present in Dittrich’s plugs and in 
sputum which has lain in the body for some time, also simulate elastic 
tissue when very long, but th^ axe more like stiff, straight or curved 
needles than uavy threads Tfaqr show varicosities nhen the cover 
glass is pressed upon and melt into droplets when the slide is heated 
The structures which most frequently confuse the student are the 
cotton fibrils, which are often present as a contamination from the 
air. These are usually coarser than elastic fibers and flat, with one or 
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two twists, and often ha^e iong^tudinal strialions and frayed-out 
ends The color, too, is somewhat differeafc. Cotton fibers lack the faint 
ytUowish tinge of clastic tissue Very important also is the relative 
degree of refractility: If the diaphragra be opened slowly, elastic 
nberi can be seen long after the shghtly retractile mucous strands 
ha\e disappeared, but finally thty also are practically lost in the 
glare, while cotton fibers stiU remain visible In stained preparations 
students frequently report the fibrils of precipitated mucus as elastic 
tissue 

Clastic libers from the food are coarser, generally shorter, less 
frcqucntlj wavy, and not arrant in alveolar order. 

s2l Curschmann’s Spirals. — ^These peculiar structures are 
found most frequently in bronchial asthma, of which they are 
*'*~~*lahly*3varacteri5tic. Although not 
present in every attack, they prob- 
ably occur at some time in every 
case. Sometimes they can be found 
only near the end ot the attack 
'Ihcy may occasionally be met 
with in chronic bronchitis and 
other conditions, but in these there 
IS nearly ahva>$ an underlying 
asthmatic tendency Their nature 
has not been definitely deter- 
miacd. 

Macroscopically, they are whit- 
ish or yellow wavy threads, fre- 
quently coiled into little balls (Fig. 
20). Their length is rarely over 
1 5 cm , tJiough it sometimes exceed 5 cm. They can sometimes be 
deluulely recognized with the naked eje Under a l6-mm. objective 
they appear as mucous threads with a bright, colorless, central line— 
the so-called “central fiber" — about wluch are wound many fine 
fibrils (rigs 22 and 23). The bright central line is best seen when the 
objcclVvc is raised aiiUic above ihc true locus, and it has been inter- 
preted as an optical phenomenon due to tight coiling of the spiral 
In some cases one or more definite dark colored threadlike fibers can 
be seen at the true focus. The spiral fibrils are sometimes loosely, 
sometimes tightly wound. Eosinophils are usually present within them, 
anti sometimes Charcot-Lcj-dcn aysrids also. Not infrequently the 
spirals arc imperfectly formed, consisting merely of twdsted strands of 
mucus enclosing leukocytes The ocnttal fiber is absent from these. 



Fg 2l — CunchtOdon't ipirals lo 
f^vum u xca '»Vtejk prt»ed 
ou( pUtn of uij 

Heard okcr a bbek t'sctx'Vund Cacli 
m a ruus of gny ish morua. 
r^a(ural u^e ] 
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3^*^harcot-Leyden Crystals. — Of the crystals which may be 
nd in the sputum, the most Interesting are the Charcot-Leyden 
stals. They may be abse nt, wh en the. sputum is expectorated, 
1 appear in large numbers after it has stood for some time. They 
rarely found except in cases of bronchial asthma, and were at 



; 22 — End of a farRC, lightly wound Cunchmann’s spiral fn sputum from a case of 
bronchial asthma. Unstained (X 70} 


je time thought to be the cause of the disease. They frequently 
Ihcrc to Curschmann’s spirals. Their exact nature is unknown 
heir formation seems to be in some way connected with the pres- 
icc of eosinophilic cells. Outside of the sputum they are found in 



Fig 23 — Slender, loosely wound Curschmann’s spiral m sputum-from a case of bronchia, 
asthma. A few Qiaicot Leyden crystals are also shown. Unstamed (X 70) 

the feces in association with animal parasites, and in the coagulated 
blood in leukemia. 

They are colorless, pointed, often needle*like crystals (Fig. 24). 
Formerly they were described as octahedral, but are now known to 
be hexagonal in cross secUon. Thdr size vanes greatly, the average 
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length being about thiec or four times the diameter of a red blood 
corpu^le. 

v^lhcr cr>slali-'l»enutoidin, cholcstc iol. and, most frequently, 
fatty aad needles (fig 45)— arc common in sputum which has 
remained in the body for a considerable time, as in abscess of the 
lung and bronchiectasis The fatty add crystals arc regularly found 
in Dittrich's plugs They might be mistaken for clastic libers (p. 36). 
Sometimes they form rounded masses with the individual crystals 
radially arrangwl, and they Uien bear considerable resemblance to the 
dumjisof Actinomyces koininis 

Pigmented Cells.— Granules of pigment arc sometimes seen 
in ordinary pus corpuscles, but the more common and important 
pigracnt^ontaining cells arc large mononuclear cells whose origin is in 

r— . — 


t'ii( 24— Oufr«( LnUfi) «]»>«!( knjonickip'ulif lrult>otc>ia tpucuni /rv*n a c«k 
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times clear up the etiology of a chiomc bronchitis They are some 
times so numerous as to give the sputum a brovraish tmge Such 
cells are also foxmd m the sputum m pulmonary infarction and for 
some time after a pulmonary hemorrhage In fresh unstamed sputum 
heart failure cells appear as round, grayish, or colorless bodies filled 
with variously sized rounded granules of yellow to brown pigment 
(Plate n, Fig 1) Sometimes the pigmentation takes the form of a 
diffuse stauimg The nucleus is usually obscured by the pigment The 
cells are large, averagmg about 35 m m diameter 

To demonstrate the nature of the brown pigment appl> a 10 per cent 
solution of potassium feirccjamde for a few mmutes and foUow'with weak 
hydrochlonc aad Iron-containing pigment assumes a blue color Many 
of the granules will, however, fail to respond The test may be applied 
either to wet preparations or to dried smears 



Hg 25 — llyeUa globules, free and contained will in celL. From a normal morning spu 
tom ’ (X 3o0) 

Carbon-laden cells (Plate II, Fig 1) are less important They are 
espeaally abundant m the sputum of anthracosis where angular black 
granules, both intracellular and extracellular, may be so numerous as 
to color the sputum Similar cells with smaller carbon particles are 
often abundant m the morning sputum of those nho inhale tobacco 
smoke to excess or those who bve m a smoky atmosphere 

5. Alyehn Globules — ^Thesehavehttleorno clmical significance 
but reqmre mention because of the danger of confusmg them with 
more important structures, notably blastomyces They are colorless, 
round, oval, or pear shaped globules of vanous sizes, often resembling 
fat droplets, but the larger ones more frequently showing peculiar 
concentric or irregularly spiral markings (Figs 25 and 34) Such 
globules are abundant m the scanty mommg sputum of apparently 
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healthy persons, but may be found in any mucojd sputum. They 
Ue both free in the sputum and contained vnUiin the large cells 
which have long been loiown as alveolar cells, but which are possibly 
endothelial leukocytes The intracellular globules arc generally small, 
and when closely packed gi\e the cells a yellowish tinge which may 
roislead the unwary into calling them heart-failure cells 

6. Actinomyces Hominis (Ray-fungus). — In the sputum of 
pulmonary actmomycosis and in the pus from actinomycotic lesions 
elsewhere, small gray or yellowish, “sulfur" granules can be detected 
with the unaided eye Without a careful maaoscopic csaminaiion 
they are almost certain to be overlooked The fungus can be seen by 
crushing one of these granules between slide and cover, and examin- 
mg wnth a low power Acli/iomyces Jiortivns is very similar to, and 
perhaps identical with, Actinomyces botts, the cause of “luropy-jaw" 



FI); 26 — A ‘sul/ur granule" crushed be- Fig. 27. — A pomoa ot Mg 25, more highly 

Death the cover gks*. Fibcq the pus of a isagDihed (X 300}. 

case of arlinomycosis of suhsuxilUiy 
lymph nodes. Uosiained (X CO). 

m cattle It consists of a network of threads having a more or less 
radial arrangement (Figs 26 and 27) In cattle, and to a less extent 
m man, the filaments at the periphery of the nodule present club- 
shaped extremities It can be brought out more clearly by running 
a httle solution of eosm in alcohol and glycerin under the cover. 
This organism apparently stands midway between the bacteria and 
the molds and may be classed with the Tnchomycctes or higher 
bacteria (p 56) It stains by Gram’s method. 

Actinomycosis of the lung is tare. The clinical picture is that of 
tuberculosis 

7. Molds and Yeasts. — The hyphae and spores of various molds 
are occasionally met with in the sputum. *rhe hyphae are rods, 
usually Jointed or branched (Fig 82), and often arranged in a mesh- 
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work (mycelium), the spores are hig^y refractive spheres and ovoids 
Both stam well with the ordinary stains Molds in the sputum, are 
usually the result of contammation and have little significance 
Occasionally they grow m the pus of lung cavities whether of tuber 
culous or other origin Very rarely there may be true infection of 
the lung — a pneumomycosis — ^usually resembhng tuberculosis and 
most often due to Aspergillus Jumtgalus Bronchopulmonary mycosis 
IS said to be common m the Orient 

In the extremely rare condition of pulmonary blastomycosis 
speafic yeasts ha\e been found m the sputum in large numbers In 
the tissues they multiply by budding and the presence of budding 
forms m the sputum is sudlcient for their identification as blasto 
myces In cultures they form hyphae The similar organism, Coc 
ctdtotdcs %nmths, the cause of coccidioidal granuloma of the Faatic 
Coast, does not form buds, but multipUes by endosponilation For 
both these orgamsms it is advisable to add a little 10 per cent caustic 
soda solution and examine unstained Both may also be studied m 
stained smears, but cultural methods arc essential for their complete 
identification 

As a contaimnation one sometimes finds forms of the fungus 
Mycodenna These have a striking appearance, resembling gigantic 
sausage shaped baalU 

8. Animal Parasites —These are extremely rare m the sputum 
m this country A tnehomonad, perhaps identical with Trichomonas 
honnnis, has been seen m the sputum of putnd bronchitis and gan 
grene of the lung, but its causal relationship is doubtful In Japan 
infection with the lung flukeworra, Paragonimus iveslerniaiiu, is com 
mon, and the ova are found m the sputum The lung is not an uncom 
mon seat for echinococcu s cysts, and hooUcts and scohees may 
appear Larvae of Slrongyl^es stercoralis and of the hookworm have 
been reported Endamoeba histolylKC has been found after rupture of 
an hepatic abscess mto the lung Cihated body cells with aha m 
active motion, are not mfrequently seen, and may easily be mistaken 
for infusoria All the above mentioned parasites are desenbed m 
Chapter VI 

B. Staired Sponm 

The pnnapal structures which are bwt seen m stamed sputum are 
bacteria and cells 

A number of smears should be made upon slides or covers These 
films must, of course, be thm, but it is easily possible to get them 
too ifiin This IS a Common error of students who have just finished 
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a course m bacteriology and "who have there been accustomed to 
work with scarcely perceptible films of bacteria. It is a good plan to 
slide o2 the cover glass from the preparation used for the unstained 
microscopic examination If this is properly done, satisfactory smears 
will he left on both slide and cover They are then dried in the air 
and fixed m the flame, as destnbed on page 179, or betici, by im- 
mersion for one or two ramutes m pure wood alcohol or 1 per cent solu- 
tion of corrosive sublimate TixatJon will ordinarily kill the bacteria 
and the smears may be kept indefinitely, but smears on slides when 
fixed by heat are often not stenie, and should be handled accordingly 
As a matter of routine one of the smears should be stained for the 
tubercle bacillus and one by Gram’s method with a good counterstain 
(p 780) These preparations will give a good idea of the various cells 
and bacteria present and may suggest further procedure 

1. Micro-organisms. — ^Saprophytic bacteria from mouth con- 
tamination are frequently present m large numbers and wiU prove 
confusing to the inexperienced The presence of squamous cells in 
their neighborhood will suggest tbcir source Among the pathogenic 
organisms are Tuberde b-icill i. staphylococci and streptococ a. pneu- 
mococci , baa lli of Fnc^andcf . ^nfiuen^ bacil li, and Mt crococcus 
cat arr/iaits ^f these the tuberdr’baaUus is the only onr'wEoie 
recogmuon has great clinical value and the only one which is easily 
identified m stained smears Their cultural characteristics are de- 
scribed in Chapter X W hen cultures arc to be made the teeth and 
tongue should be well cleaned with a sterile brush, the mouth should 
be well rinsed, and the sputum, preferably only one expectoration, 
should be expectorated directly into a dry, stenie, wide mouthed 
bottle This should be kept on ice As soon as possible the most puru 
lent portions should be picked out, washed m several changes of 
sterile salt solution, and planted upon appropriate media 

(I) Tubercle Bacillus (M^cobaclcrtutn ttiberculasts) — ^The presence 
of tuberde bacilh may be taken as positive evidence of the existence 
of tuberculosis somewhere along the respiratory tract, most likely in 
the lung, but when only one or two are found on a slide the result 
should be confirmed by a second examination There is always the 
rare possibility that bacilh from a previous examination may have 
clung to an imperfectly deaned slide, that baalh may have reached 
the sputum from the dust of the ajr, or that the suspected bacillus 
may be some other aad fast organmn 

Ihe importance of carefully sdectmg the portion for examination 
cannot be too strongly emphasized It is always best to select the 
more purulent portions of the sputum, keeping away from the mucoid 
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parts If bits of necrotic tissue are present, they may show immense 
numbers of tubercle bacilli when other portions of the specimen con 
tarn very few One must, however, be on his guard against bits of 
food which resemble these “caseous particles “ The specimen should 
be exammed while fresh It will usually hquefy upon standmg, and 
this, by preventing the selection of particles favorable for examma 
tion, will greatly reduce one’s chances of findmg bacilli 

Recogmtion of the tubercle bacillus depends upon the fact that 
it stains ivith difficulty, but that when once stained, it retams the 
stam tenaaously even when treated with a mmeral aad, which 
qmckly removes the stain from other bacteria This “aad fast” 
property is due to the presence of a waxy or hpoid substance A 
number of the best staining methods are mcluded here Since Gabbet’s 
method is convenient, inexpensive, and widely used m office work, 
it is given in greater detail than the others If it is carried out as 
here recommended, there is no danger of decolonamg the tubercle ba 
alius In large laboratones the 2 ^ Neelse n method is to be preferred 
Tubercle baalli can often bFTound m' very poorly prepared shdes 
but for dependable results when bacilh are scarce, properly spread, 
fixed, and stamed preparations free from preapitated stam are abso 
lutely essential The person upko ts content unth an imperfect preparation 
because it tr ‘'good enough for diagnosis'* >itll succeed only ui the most 
obnous cases 

Gabbet’s Method. — 1 Spread suspicious particles thinly and evenly 
upon a slide or a cover glass held m die grasp of cover glass forceps Iffi 
general, slides are more satisfactory, but cover glasses are easier to handle 
while staming Do not grasp a cover too near the edge or the stain will 
not stay on it welL Tenaaous sputum will spread better if gently warmed 
while spreading 

2 Dry the film m the air 

3 Fix the film by immersuig m 1 per cent aqueous solution of cor 
rosue sublimate or m methyl alcohol for two or t^e mmutes and then 
nnse well m water This is much to be preferred, particularly for begm 
ners, to the usual practice of fixing m the flame (p 779) Should the film be 
washed off dunng future mampulations, fixation has been msufficient 

4 Apply as much carbolfuchsm (p 831) as wiU stay on, and hold over 
a flame so that it will steam for three mmutes or longer, replacmg the stam 
with a dropper as it evaporates If the stam be allowed to evaporate com 
pJeteJy, the preparation is ruined If the baoih be well stained in this step, 
there will be little danger of decolonzmg them later Too great heat wnll 
mterfere vnlh the stainmg of some of the bacilli, probably by destroying 
the waxy substance upon which the aad fast property depends A number 
of shdes may be stained at the same tune by plaang them upon a rack 
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consisting of two parallel rods about 2 inches apart placed across a sink or 
on a tripod 

It has been shoivn that Uventy to thirty minutes' staining at room 
temperature v.iU suffice, and this may be recommended on the score of 
avoiding precipitates, the slides being immersed in the fluid in a staining 
jar With some batches of carbolfuchsin even five minutes’ staining is 
sufficient 

5 U ash the film in water 

6 Apply Gabbet’s stain (p 832) to the under side of the cover glass 
to remove excess of carbolfuchsin, and then to tlie film side Allow this to 
act for one quarter to one-balf minute 

7 Wash m water 

8 If, now, tlie thinner portions of the film are blue, proceed to the 
nat step if they ate still i^, repeal steps 6 and 7 until the red has dis- 
appeared Too long application of Gabbet's sum will decolorize the tubercle 
bacilli 

9 Place the preparation between la)crs of filter paper and dry by 
rubbing with Uic fingers, as one would m bloiiing mk ^\aml over the 
flame until thoroughly drj 

10 Put a drop of Canada balsam upon a clean slide, place the cover 
glass film side down upon it and examine with an immersion objective 
Cedar oil or water tna> be used in place of balsini for temporary prepara 
lions Smears on shdes may be examined directly with an oil immersion 
leas no cover being necessary 

Ziehl-Ifeelsett Method —The objection is often made to the above 
method that decolorizauoD IS masked by the blue in Gabbet sstain Although 
this will not make trouble if step S is carefully earned out, most expcncnccd 
workers prefer the Ziehl Neclseo method This resembles Gabbet’s method, 
vnth the following csccpUons After tbc staining vnlh carbolfuchsin the 
smear is washed m 5 per cent nitric acid (or better, a mixture of 3 c c 
concentrated hydrochlonc acid and 97 cc 70 per cent alcohol) until only 
a faint pink remains m the thinner jiortioos, viashed in water, stained hghtly 
with Lbffler’s methylene blue, agam vvasbed, and finally dried and mounted 
la place of metliylene blue, some prefer a counleistain consisting of equal 
parts of alcohol and saturated aqueous solution of picne acid With this, 
tubercle bacilh stand out clearly against a faint yellow background, but 
Donacid fast bacteria and cells are not rccognuable 

Psppei^eisa's — This is thf saate ss Cshhet’s meihod, except 

that Pappenheim's methylene blue solution (p 832) is substituted for 
Gabbet’s stain and is allowed to act several times as long To avoid evapora 
tjon the blue stain must be kept lo a tightly corked bottle 

The method is very satisfactory for routine work Decolonzation of 
the tubercle bacillus is practically impossible it retains its red color even 
when soaked overnight m Fappeoheim’s solution The stain was ongmally 
recommended as a means of difTerentiating the smegma bacillus, which is 
decolorized by it, but it is not to be absolutely rehed upon for this purpose 
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In films stained by these methods tubercle baalh, if present, 
will be seen as slender red rods upon a blue background of mucus, 
which appear as dehcate threads and strands, granular detritus, and 
cells (Plate II, Fig 3) They xaiy considerably m sue, averagmg 
3 to 4 m length — about one half the diameter of a red blood cor- 
puscle Beginners must be warned against mistaking the edges of 
cells, or particles which have retamed the red stam, for bacilli The 
appearance of the bacilli is almost always typical, and if there seems 
room for doubt, the structure m question is probably not a tubercle 
baallus They may he smgly or m groups They are very frequently 
bent and often have a beaded appearance It is possible that the 
larger beaded bacilli mdicate a less active tuberculous process than 
do the smaller uniformly stamed ones Sometimes they are present 
m great numbers — thousands m a field of the 2 mm objective Some 
times, even in advanced cases, several sbdes must be examin ed to 
find a single bacillus At times they are so few that none are found 
m stamed smears, and special methods are required to detect them 
The number may bear some relation to the seventy of the disease 
but this relation is by no means constant The mucoid sputum from 
an mapient case sometimes contams great numbers, while sputum 
from large tuberculous cavities at times contains very few Failure to 
find them is not conclusive, though Ihtir absence %s much more stg 
mficant >vhen Ihe sputum ir purxdent than iihen ti ir mucoid 

The approximate number of bacilli present should always be 
indicated in the record of the examination This may be done by 
recording the average number seen m a field Since the sputum raised 
at various times m the day and even different parts of the same 
sample, may vary greatly in bacillary content, such a record is not 
an accurate index of the comparative number of baalli thrown off, 
even when the twenty four hour sputum is collected and uniformly 
muced before preparmg the slides It is, however, a useful clinical 
guide 

Fluorescent Dye Method. — Using a pnnaple described by Hage 
mann,‘ Richards and Milled have presented an effiaent method of 
using a simple fluorescence microscope for demonstrating Mycobac 
tenum tuberculosis which may m time supersede the older methods 

> Haficmann, P K H Fluorevrasaukroskopucbe Untmuchunzen Qbcr Vims und 
andere Mitcrobeo. 7eatnlbl f C&kl, Abt. 1, I84-1S7, I*)S7 F1uores7cnzfltrbu7); voa 

Tubeikelbaktenerco zsit Auraniia. MOscbai med Wclmschr., SS 1066-1063 (July 15) 
1938 

* Ricbards, 0 W aod Miller, D K An tSae&t method for the tdentificatioa oi 
M tuberculosii with t simple Suorescesce nucrosespe. Amer Jour Cha PaUl Tech. 
SuppL, no. S, li 1-3 (Jsn.) 1941 
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descnbcd above It can be entrusted as a valuable aid m finding this 
organism, although it necessitates the use of a darkened room in 
which to examine the slides stamed with the fluorescent dye, Auramme 
0 Tubercle baciUi stained with this dye in ultra violet hght are 
visible as bright, shining rods 

The required accessones for an ordinary monocular microscope are 
illustrated in Figure 28 

The staining solution is composed of Auramme 0 (National Anilme 
Company) 0 i gm dissolved in distilled water, 97 ml and liquefied 



rig 2S— Attachm£ats used for fluorfscent demooflntion of aad fast oreanums, 
« yellow filler to fit U)to ocular, ( front surfaces, alumioirtd isirror to fit over CQicrascope 
DiirTor c, blue ultraviolet UaasoutUog Qtet (ot lamp (Richards and Miller, Am 5 of 
Gin Path, \oL 11 ) 

phenol, 3 ml Thompson' has found that the dye is more easily dis 
solved by the following method 
Solution A 


Dist lied water 87 cx. 

Liquefied phenol j c c 

Mix completely 

Solution B 

Alcohol (95 per cent) , 10 tc 

Autamine O 01 gm. 


' Thompvia, Luther Compatlsan ol catb<^fuchim w^th the fluoieocent dye auramme 
for the demonstnuon of aad fast baccena. Pxoc. Staff Meet. Mayo Qial& IS 673-675 
Oct 22) 1941 
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\Vhen solution A is well mixed and the dye is completely dissolved 
m solution B, solution B is added to solution A The stam will stay 
clear and will be free from preapitate The decolonzmg solution 
recommended by Richards and Miller is made as follows 


Alcohol {70 per cent) JOO 

Hydrochlonc aod (coaceatrated) 0 O'* c-c 

Sodium cUonde. 0-5 gm. 



iRir ^ Aidamlr Junih ar ^Rtehard.-! 

Kline and Leach Am. Review of Tub Vol 44 } 


Make the smear m the usual manner on a microscope shde and 
stam for two to three minutes Wash m tepid water, decolorize for two 
mmutes and then bleach stiii further m a fresh solution for another 
two to five minutes Wash and dry the slides Thompson also sug 
gested that, for matenal that is spmad thickly on slides, it is better 
to double the amount of hydrochlonc acid m the decolonzmg solution 
and to bleach for ten mmutes 
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Set up the microscope with the yellow filter resting on the dia 
phragm inside the ocular Place the aluminized mirror over the micro- 
scope mirror and the blue, ultraviolet transmittmg filter over the 
microscope lamp The room should be darkened as the tubercle 
bacilh will appear as bright, luminous rods agamst the black back 
ground (Fig 29) The lens comhinatvon that is best used is an 8 mm 
objective with a 20x ocular 

'■^Vhen baciIh are not found m suspected cases, one of the following 
methods should be tned 

An ttfonma Method — ^Thts has largely superseded the older methods 
of concentration The chief difficulty with the older methods, such as 
boiling iviih causUc soda, is that the bacilh are so injured m the process 
that they do not stam characteristically Except m special cases, when 
the bacilh are both scarce and uniformly scattered through Uie sputum, it 
13 doubtful whether any method of concentration offers any advantage 
over the usual duect smear made from rarefuily selected particles 

Anbformin is a trade name for a preparation consisting essentially of 
equal parts of a 15 per cent solution of caustic soda and a 20 per cent solu 
Uon of sodium hypochlorite Substitutes appear to be less satisfactory 
than the onguial preparauon The solution slowly loses strength upon 
siding 

^ -'loffler’s method is probably the best for clinical work It kills the 
bacilh, so that thcreiswadangcc lahandluig the material tJpoath.aaccouat, 
however, it is not applicable to isolation of tubercle bacilli for cultures 
Place 10 to 20 c c of the sputum m a small flask, with an equal amount 
of 50 per cent antiformm, and heat to the boiling point The sputum will 
be thoroughly liquefied, usually withm a few seconds For each 10 c c of 
the resulting lluid add 1 5 c c of a muture of 1 volume of chloroform and 
9 volumes of alcohol Insert a rubber stopper and shake vigorously for 
several minutes or until emulsification has taken place The object is to 
impregnate the lipoid capsules of the bacilh with chloroform, thus mcreasing 
iheir specific gravity Pour oS the emulsion mto centrifuge tubes and 
centnfugalize at high speed for about fifteen minutes The chloroform will 
go to the bottom, and the sediment winch collects on its surface m a thm 
firm layer will contain the tubercle bacUlt Pour off the supernatant liquid 
and transfer the sediment to glass sbdes, lemovmg the excess of fluid with 
filter paper To facilitate removal of the disk of sediment t« toto Williamson 
recommends the use of a centnfuge tube, the lower | meb of which is of 
umform caliber and tlie bottom of which is open and plugged with a rubber 
stopper Add a little of the original sputum to cause the film to adhere to 
the slide, mix vvell, spread into a uniform layer, and finally dry, fix, and 
stam by the Zicbl Nc^en metbwl LhiOer recommends 0 1 per cent solution 
of malachite green for counUrstam 
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Culture of Tubercle Bacillu — Corper and Ujei* developed a method 
for the.isolation of tubercle baciih from sputum, urme (p 15S), and tissues 
m the presence of other organisms Their method as now perfected has 
proved very satisfactory in the hands of many laboratory worLers 

Thoroughly nux the sputum Place I c c of the homogeneous mixture 
in a IS c c centrifuge tube, and add an equal amount of o per cent oxahc 
aad Mlx thoroughly wiUi a sterile loop Stopper vv^th a sterile cork, and 
incubate at 37® C for thirty minutes, shaking occasionally during this 
time Add 10 c c of sterile 0 9 per cent salt solution, mix thoroughly and 
centnfugc Decant Uic supernatant fluid and seed the residue on the surface 
of the special gl> cerol water cf> stal vnoleC potato cy Iinder medium desenbed 
on page 766 Cap tlie tube with tin toil, or impregnate the cotton plug 
hghtly with hot parafhn Incubate at 37® C for several necks Growth 
may be evident in two weeks, but cultures should not be discarded as nega 
tive for several months 

3 Animal Inoculation. — Inoculation of guinea pigs is tlie court of last 
appeal m detection of tubercle bacilli, but even this is not mfaUible, for 
It lias been shown that the injected material must contam 10 to 150 bacilh 
m order to produce tuberculosis in the guinea pig, the number required 
depending upon the virulence TJie method is desenbed on page 607 

There arc a number of baath which stain m the same way as 
the tubercle baallus and, therefore, belong to the group known as 
rffcid-fast bacUh. They stam with di/Bculty, and when once stamed 
give up the color only very slowly when treated w^th a mineral acid, 
but, unlike the tubercle baallus, most of them can be decolorized 
with nlf ohnl or yvith Pappcnheiin’s so l ution , A mong them are the 
leprosy, smegma, butter and ^ass bacilli., and a bacillus which has 
been found in old distilled water For this reason old distilled water 
should never be used for nnsmg films or making staming solutions 
Of the acid fast bacilli, the smegma bacillus is the only one likely 
to cause confusion It occurs oormally about the gcmtals and other 
parts of the body, as the axillae, where secretions are prone to col 
lect, and is often present m the unne and ul the wax. of the ear It, 
or a similar bacillus, is sometimes foimd in the sputum of gangrene 
of the lung The method of distinguishing it from the tubercle bacillus 
IS given later (p 157) A stieptothnx ^ 57), which resists Gabbet’s 
solution but IS readily decolorued by Pappenheim’s, has also been 
found m the sputum 

Other bacteria than the aad fast group are stamed blue b y Gab 
bet’s and the Ziehl Neelsen method Those most commonly found are 
staphylococa, streptococci, and pneumococa Their presence m com 

' For nfeicDCes to this method see footnote oa page ?66 
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pany with the tubercle badHus constitutes mixed injection, although 
it IS doubtless true that some oj them in many cases exist as sapro- 
phytes It IS to be remembered that a few of the bacteria may reach 
the sputum from the upper air passages, and that great numbers arc 
usually present m decomposmg sputum 

There ate many varieties of tubercle bacilli pathogemc for dUIereat 
nnimflls for example, the human, bovme, avian, and reptilian bacilli 
Both human and bovine t 3 pes ate pathogenic for man, the latter being 
most frequently found m intestinal and l>’mphatic lesions of infancy and 
childhood la. chnical work it is not practicable to distinguish between 
the two 

Much’s granules which are illustrated m Plate II, Tig 4, were formerly 
thought to be significant They are not aad fast, and were demonstrated 
by a technic whicli m many respectsconsUtuted a Gram stain Kretschmer' 
has shown that the tubercle bacillus in its aad fast, pathogemc form does 
not possess true Gram staining properties because of the acid fast material 
It cannot be stained difierentiaUy by Cram s method 

(i) Staphylococcus and Streptococcus >-One or both of these 
organisms is commonly present in company with the tubercle bacillus 
in the sputum of advanced phthisis (Plate U, Figs 2 and 3) They are 
often found m bronchitis catarrhal pneumonia, and many other con 
ditioos The streptococcus is much the more important It is a com 
mon cause of severe sore throat and tonsillitis Staphylococa and 
strcptococa are sometuncs found in sputum and normal mouths as 
saprophytes These cocci are discussed more fully on page 588, and 
their plural characteristics are deswibcd on pages 790-792 

•(3) Pneumococcus {Diplococcus pfteumontae) — ^The pneumococcus 
IS the causative agent m nearly all cases of croupous pneumonia, and 
IS commonly found m large numbers in the rusty sputum of this 
disease It is frequently met wilh in the sputum of catarrhal pneu 
moQia, bronchitis, and tuberculosis, although here it vs not infre 
quently a harmless saprophyte It is also an important factor m the 
causation of pleunsy meningitis otitis media, and other mflammations 
It IS {reqiientiy present in the sahva m health 

Pneumococa are about the size of streptococa They are ovoid 
ui shape and he m pairs end to end, often forming short chains 
Each pair is surrounded by a ^latmous capsule, which is its dis 
tinctive feature (Fig 30) 

The pneumococcus is closely related to the streptococcus, and it 
IS sometimes extremely difficult to diflerentiate them even by cul 

• Ktetschmer, 0 S The Gma Propnty Uvt Acid fast Fona of the Tubercle 
DacUlus. Jour Ub aodCUs MeH /d (Jaa.) 
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]“ff J — Heart failure celUanJ car Fijij 2 — EosjnopJulic leuloc^tes 

lx>n ladui cells in unslained <putum an«] sUpb)lococci m asilunabc spu 
fuo scull squamous epilhebal ccU» turn. Losin and metb>lenc blue 
and four red blood-corpuscles arc m (X 1000) 
cludcdforcompansonof size (X200) 



I ig J — Tubercle baoUi, stiepto- Fig 4 — Mueb's granules, group of 

coca pus corpuscles, and mucous half -digested staphvlococa is also 

threads m tuberculous 'putum. Ziehl shown <X loOO) 

\eelsea method. (X 1000 ) 
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tural methods (p. 792). The morphology of the pneumococcxis, the 
fact that it vs gram-positive, and the presence of a capsule are, how- 
ever, generally sufficient for its recognition in smears from sputum 
or pus The capsule is often seen as a halo around pairs of cocci in 
smears stained by the ordinary methods, particularly Gram’s method, 
but to show it well special methods are required There are numerous 
special methods of staming capsules, which are applicable to other 
encapsulated bacteria, as well as to the pneumococcus. Smith’s and 
Rosenow’s methods, described below, and Hiss’ method, described 
on page 588, can be recommended, but any of the standard methods 
will give beautiful results if capsules are well developed. The chief 



Fig SO — PoeumococQ m sputum of poeumoma paUeuL (Fnscb and Pnce, Detroit &(ed 
i\ews.VoL32) ^ 

requisite is that the sputum or pus be very fresh — not more than 
two or three hours old. 

W. H. Smith’s Method for Capsules. — 1. Make thin smears of the 
sputum or other material, which should be as fresh as possible. 

2. Fix m the dame in the usual manner 

3. Apply a 10 per cent aqueous solution of phosphomolybdic add 
(Merck) for four to five seconds 

4. Rmsc in water. ^ 

3. Appy anilin gentian violet (p 831), steaming gently for fift^ to 
thirty seconds. 
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6 Kmsc m water 

7 Apply Gram s iodine solution, steaming gently for fifteen to thirty 
seconds 

8 Wash m 95 per cent alcohol until the purple color ceases to come off 

9 Rinse m water 

10 Apply a 6 pec cent aqueous solution of cosin and genii) warm for 
one half to one minute 

11 Rinse in water 

12 IV ash m absolute alcohol 

13 Clear in xjlol 

14 mount m balsam 

This 13 essentially Gram’s method (p 780), preceded by treatment 
with phosphomolybdic aod and followed by eosm Gram positive bacteria 
like the pneumococcus are deep purple capsules are pink and stand out 
clearly 

W’hen the method is applied to gram negative bactcru steps 5 to 9 
inclusive are omitted, and between steps 11 and 12 the pccparalioa is 
counterstamed with LolUer s methylene blue, gently warmmg for fifteen to 
thirty seconds 

Rosenow’s Method— This is the same as Smith’s witli the cxccpUoo 
that a 10 per cent solution of tannic acid, applied while Uie film is stiU 
moist and allowed to act for ten to twenty seconds, takes tlie place of the 
heat aod phosphomol) bdic acid in steps 2 and J 

The cultural characteristics of the pneumococcus an. described on 
page 792 By means of certain immunologic reactions it can be shown 
that there are at least thirty distinct types These differ in their 
virulence For organisms of Type I (present in about a tiurd of the 
cases of croupous pneumonia) an antiserum which is valuable in 
treatment of this type of infection, has been used for a number of 
years Antisera are also available now for many of the other types 
Methods of determining pneumococcus types either by agglutinins or 
preopilins are described oa page 793 

4fi) Bacillus of Friedlander {Klebsttila pneumomae ) — In a small 
percentage of cases of pneumonia this organism is found alone or m 
company with the pneumococcus It is commonly caffed "Caallus 
mucosus capsulatus ’ Its pathologic significance is imccrtain It is 
often present m the respiratory tract under normal conditions 
Friedlander s bacilli are nomnotJe encapsulated rods, sometimes 
arranged in short chains (Fig 31) Very short individuals in pairs 
closely resemble pneumococci, from whi^ they are distinguished by 
the fact that they arc gram decblorunng 

Bacillus of Influeaxa {Htntopfulus injiueniae) — For many 
years this orgamsm was regarded as the cause of true influenza, 
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although it was rec»gnized that clinically similar or identical condi- 
tions could be produced by the pneumococcus and streptococcus. 
It is present, sometimes in great numbers, in the nasal and bronchial 
secretions of most cases of influenza and in the local lesions which 
follow as complications. Chronic bronchitis, clinically suggesting 
tuberculosis, but apparently of influenzal origin, with great numbers 
of the bacilli in the sputum, has been described. 

The many studies during the great pandemic of 1918-19 have, 
however, failed to confirm the specific importance of the influenza 
bacillus. It now seems probable that influenza is a virus disease. 

Recognition of influenza bacilli in smears depends on the facts 
that they are extremely small bacilli; that most of them lie within 



Fig — Eaallus mucosus capsulatus. 
Klebstella (mtumoniM (Fori “T«U)ook of 
Baclenology.”) 



Fig. 32 . — ITtmopkilia inj!atnsae (Ford, 
‘TeitbooL of Bactcnology.”) 


the pus cells; that their ends often stain more deeply than their 
centers, sometimes giving the appearance of minute diplococci; and 
that they are decolorized by Gram’s method of staining (Figs 32 and 
306). 

They are well stained by dilute fuchsin or by Pappenheim’s 
pyronin-methyl green, but are more certainly recognized by Gram’s 
method with the pyronin-methyl green for counterstain. 

(6) Bacillus Pertussis iflemoplnlus pertussis ). — The whooping- 
cough bacillus, which is fomid in the sputum in large numbers early 
in the disease, is a minute, ovoid, gram-negative bacillus which stains 
feebly with the ordinary dyes, and sometimes, though not usually, 
lies within pus cells. It can be demonstrated by the method given for 
the influenza bacillus which it resembles morphologically. 
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(7) Micrococcus Catarrhalis {Neisscrui Ciilarrhalls) —This organ 
ism IS ircquenll> present m the sputum m inflammatory conditions oi 
the respiratory tract resembling Influenza It is someumes present in 
the nasal secretions in health and w probably oi very bttlc pathogenic 
significance It Is a gram negati\ctliplococcus, frequently intracellular, 
and can be distinguished from the meningococcus and gonococcus 
only by means of cultures (Fig 33) 'Hie staining method recom 
mended for the influenza bacillus is best It gro\v3 readily on ordmary 
media 

(8) Higher Bacteria — Standing between the bacteria and the 
molds Is a group of higher baclena at one time called Tnchomycctcs 



I- a II ffurttoifus olj/W « R8inr4r(mn<i>utuin T T ord pholo lyl 3 Brown ) 

or hair fungi lliey all form filaments uhich are more slender 
than the h>'ph3c of molds Thtir classihcalion is somewhat unsettled 
Buchanan Bergt) and the ^icly of American Bacteriologists now 
Include tlicm in the order of Actmoro>cctaIcs and in the family of 
\riinom>cctaccac Ibc genera Lcptotnchia and Actinomyces, as i\cU 
as two oUicrs not founil in sputum arc m the family leptotnchia 
huuaht forms long unbranchtd filaments, with partition walls Its 
normal habitat 13 the oral cavity There arc numerous speacs of the 
genus Actmom>cc5 Tliey may be aerobic or anaerobic, acid fast, or 
nonaad fast ITic most common forms found in sputum arc AcUno- 
m>f« Aottihii (p 42) and AcUttamyits foranuus {also known as 
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Nocardia, and also as Streptothn:f) This last named speaes forms 
filaments, but no “dubs,” is aerobic, and produces yellowish white 
pigment on agar or potato medium It is moderately aad fast, but 
may be partially decolorized by alcohol and readily by Pappen 
heim s solution In the sputum it appears in the form of short, very 
slender, branchmg filaments which usually fie in small tangled clusters, 
that might be nustaken for dumps of tuberde bacilli by the mex 
peneqced 

2. Cells. — ^These mdude various types of leukocytes, epithehal 
cells, and red blood corpusdes In general, a stam of the nature of 
Wnght s blood stam is most satisfactory 

(1) Leukocytes — (a) Polymorphonuclear neuirophtls are present as 
pus corpusdes m every sputum and at times the sputum may consist 
of httle else They appear as granular, rounded cells 10 to 12 u m 
diameter, with several nudei or one very irregular nudeus which 
when unstained is obscured by the granules In preparations stained 
by any of the usual methods the nudei stand out dearly and their 
polymorphous character makes identification of these cells easy 
(Plate II, Fig 3) In old sputa the cells may be much dismtcgrated 
and hence difficult to recognize even when stained When these cells 
predominate m the sputum a pyogenic mfection may be assumed 

(b) Lymphocytes are generally present m small numbers along with 
the ordinary pus corpusdes, from which they are distinguished by 
the possession of a single round nudeus In early or mild cases of pure 
tuberculous infection they arc usually the predominating cell, and 
may be of much help in distinguishing such cases from those due to 
pyogenic organisms If, in a case of known tuberculosis, the “cell 
formula” changes from lymphocytic to polynudear, the occurrence of 
a secondary mfection is strongly suggested 

(c) Posinaphilic leukocytes are quite constantly found in large 
numbers m the sputum of bronchial asthma near the time of the 
paroxysm, and constitute one of the most distinctive features of the 
sputum of this disease However, while of much diagnostic impior- 
tance, they are by no means pathognomonic of asthma They resemble 
ordmary pus corpusdes, except that their i^toplasm is filled with 
coarse granules having a marked affinity for eosin It is worthy of 
note that sometimes many of them are mononudear These are mvolu 
tion forms and not myelocytes The eosinophils are very fragile, and 
large numbers of free granules, denved from disintegrated cells, are 
also found (Plate II, Fig 2) Eosinophils can often be recognized m 
unstamed sputum by the coarseness of their granules (Fig 24), but 
for positive identification some method which indudes eosin must be 


used. A simple method is to stain the dried aod Uxed film two or 
three minutes wth saturated dilution, of eosin, and then with Lofller’s 
methylene blue for one-half minute or until the thinner portions of the 
iilm become blue, nuclei and bacteria will be blue, eosinophilic gran- 
ules, bri^t red. Either Wright’s or Jenner’s stain (pp. 253 and 256) 
u-ilJ also be found satisfactory. 

(d) Eiidolhehal laikocytes are best studied in unstained sputum, 
and ha%e been described in the sections upon Pigmented Cells and 
Myelin Globules (p 41) 

(2) Epithelial cells may come from any part of the respiratory 
tract A few are always present, smee desquamation of cells goes on 



Fig 34— eUiotnWiU thesputura (urAUused): a, ft, t, Putroon 
&ry or alveolar epithelium— a, <Ailh normal lung piEment (carboo), b, with fat droplets, e, 
mth mjetin globules, tf.pua corpuscles e, red corpuscles /, cyliadric beaker shaped 
bronchial epithelial cells, f, free (n>ebn globules. A, oiiatcJ epiihelium of diUerent kinds 
from the nose, altered by coryza; i, artuamous celb from the phaxyuit. (After Buroaeco ) 

constantly. Their recognition Is important, duefly as an aid in deciding 
upon the source of the portion of the sputum in which they are found 
Tor this reason they are sometimes spoken of as “guide cells ” In 
suspected lung conditions it is manifestly useless to study material 
from the nose only, yet this is not infrequently done. They have little 
diagnostic value, although a conddcrable excess would indicate a 
piatliologic condition at the site of their origin. Any of the stains 
mentioned above tnll show them, and they can usually be identified 
without difhculty in unstained sputum. In general, three forms are 
found* 

(i>) SijManJPus Cells — Lat^, flat, polygonal cells with a compara- 
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lively small nucleus (Fig 34, t) They come from tlie upper air 
pa^ges, and are espeaally numerous m laryngitis and pharyngitis 
They are frequently studded with bactena — most commonly diplo 
coca 

(6) Cyhndnc Cells from the Nose, Trachea, and Bronchi (Fig 34, 
i, h) — ^These are not usually abundant, and, as a rule, they are not 
identified because much altered from their onginal form, being usually 
round and swollen Cylindnc cells with alia intact are rare, but arc 
sometimes seen m bronchial asthma and very acute broncliitis When 
very fresh the aha may still be m active motion, suggesting infusona 

(c) Ahcolar Cells — Rather large, round, or oval cells, three to six 
times the diameter of a red corpuscle, with one or two round nuclei 
(Fig 34, a, b, and c) Their source is presumably the pulmonary 
alveoli It IS probable that many of the cells which have been included 
in this group are really endothehal leukocytes 

(3) Red blood corpuscles may be present m small numbers m 
almost any sputum When fairly constantly present m considerable 
numbers tliey arc suggestive of phthisis The corpuscles, when fresh, 
can easily be recognized m unstained sputum, or may be shown by 
any of the staining methods which mclude cosm Ibey are, however, 
commonly so much degenerated as to be unrecognizable, and often 
only altered blood pigment is left Ordinarily, blood m the sputum is 
sudiaently recognised with the naked eye 

UL CHEMICAL EXAMINATION 

There is httlc to be learned from a chemical examination, and it 
IS rarely undertaken The presence or absence of albumin may have 
clinical significance Albumin is almost constantly present in the 
sputum m pneumoma, pulmonary edema, and tuberculosis It is 
usually absent m bronchitis A test for albumin may, Uicrcfore, be of 
some value in distinguishing between bronchitis and tuberculosis but 
It IS not much rehed upon It is earned out as follows 

Method for Albumin in Sputum — 1 To 10 c.c of the sputum add jO 
c c. of I per cent accUc acid and shake until thoroughly mixed Tins may be 
done m a stoppered bottle Dilution and addiUon of accUc aad precipitate 
the mucus 

2 I liter through filler paper 

3 Test the filtrate for albumm qualttaUvcly and quantitativxly , as 
described m Chapter II 

Active cases of phthisis, whether early or far advanced, generally 
sliow 0 2 per cent or more ^bumin, sbgblly active cases, less than 0 2 
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per cent Ihe sputum must be fresh, olhcrxvise a negative reaction 
may have changed to positive Qmng to disintegration of cells 

IV THE SPUTUM IN DISEASE 

Strictly 5i>cakjng any appreoablc amount of sputum is abnormal 
A great many hcaltliy persons however, raise a small quantity each 
morning owing chiefly to the irntation of inhaled dust and smoke 
Although not normal, this can hardly be spoken of as pathologic 
Ordinarily it reaches the larynx without cough It is particularly 
frequent m aly dwellers and m those who smoke cigarettes to excess 
In the latter the amount is sometimes so great as to arouse suspiaon 
of tuberculosis Such normal morning sputum or "sputum of 
irritation generally consists of small rather dense mucoid masses, 
translucent white or, when due to inhaled smoke gray lo color 
Microscopically there arc a few pus corpuscles and usually many 
endothelial leukocytes both of which may contain carbon particles 
The endothelial leukocytes commonly show xnyiho degeneration, and 
free myelin globules may be present In large numbers Saprophytic 
bactena may be present but are not abundant 

1 Acute Oroncliitis —'There is at first a small amount of 
tenacious almost purely mucoid sputum frequently blood streaked* 
This gradually becomes more abundant mucopurulent in character, 
and yellowish or gray m color At first the microscope shows a few 
leukocytes and bronchial cells later tlic leukocytes become more 
numerous Bacteria are not usually abundant 

2 Chronic Bronchitis — The sputum is usually abundant, 
mucopurulent and ycllowuh or yellowish green in color Nummular 
masses like those of tuberculosis arc soractimcs seen 'Microscopically, 
there are great numbers of pus corpuscles often much dismtegratcd 
Cpithehum is not abundant Bactena of various kinds, especially 
staphylococa arc usually numerous 

In nbrmous bronchitis there arc found, m addition, fibrinous casts, 
usually of medium size 

In the chionic bronchitis accompanying long continued passive 
congestion of the lungs as in poorly compensated heart disease the 
sputum may assume a rusty brown color owing to presence of large 
numbers of the heart failure cells previously mentioned 

3 Bronchiectasis — ^Thc characteristic sputum is greenish of 
grayish purulent very abundant— sometimes as much as a liter in 
tvventy four hours — and has an offensive odor It is thinner than that 
of chronic bronchitis and upon standing separates mtoihtegjayeis^ 
of . pus, sefu m». and frothy mucta It contams great numbers of mis- 
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ccUancous bactena Small hemorrhages are common A feature of cases 
with a single large cavity is the periodic emptying of the cavity, usually 
upon rising in the morning, in other cases no pcnodiaty is evident 

4. Gangrene of the Lung.— The sputum is abundant, fluid, 
NCry offensive, and broivnish in color It separates sharply into three 
layers upon standing— a thick brownish deposit of pus, debns, and 
blood pigment, a clear fluid, and a frothy lajcr Microscopically, few 
cells of any kind are found Bactena are extremely numerous, among 
them may sometimes he found an aad fast baallus probably identical 
uith the smegma baallus As before stated, cla s_tic fibers are usually 
present in large fragments 

5. Pulmonary Edema. — Here there is an abundant watery, 
frothy sputum, varying from faintly yellow or pink to dark brown uy 
color, a lew Icukoc> tes and epithelial cells and varymg numbers of red 
blood corpuscles are found with the microscope 

6. Bronchial Asthma. — ^The sputum dunng and following an 
attack IS scanty, mucoid, and very tenaaous Most charactenstic is 
the presence of Cursebmatm’s spirals, Charcot Leyden crystals, and 
eosinophilic leukocytes 

7. Croupous Pneumonia —Characteristic of this disease is a 
scanty , ms tv redj N gry tenaaous sputum, containing red corpuscles 
or altered blood pi^ent, leukocytes, ^ithclial cells, usually many 
pneumococci, and often very small fibnnous casts This sputum is 
seen during the stage of red hepatization Dunng resolution the 
sputum assumes the appearance ol^at of chronic bronchitis When 
pneumonia occurs dunng the course of a chronic bronchitis, the 
charactenstic rusty red sputum may not appear 

8. Pulmonary Tuberculosis. — ^Tbe sputum is variable In the 
earliest stages it may appear only m the morning, and is then scanty 
and almost purely mucoid, with an occasional yellow flake, or there 
may be only one small mucopurulent mass no larger than a match 
head When the quantity is small there may be no cough the sputum 
reaching the larynx by action of the bronchial aha This is not well 
enough recognized by practitioners A careful mspection of all the 
sputum brought up by the patient on several successive days, and a 
microscopic examination of all yellow portions, will not infrequently 
establish a diagnosis of tubercul(»is when physical signs are negative 
Intelligent cooperation of the patient is essential m such cases 
Tubercle baalli will sometimes be found m large numbers at this 
stage Blood streaked sputum is strongly suggestive of tuberculosis, 
and IS more common in the early stages than later It usually mdicates 
an advancing process 
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The sputum of more advanced cases resembles that of chrome 
bronchitis, with the addition of tubercle bacilli and clastic fibers 
Nummular masses — arcular, “comliLc" disks, which smk in water — 
may be seen Caseous particles containing immense numbers of the 
ba^i are common Far advanced eases with old cavities often show 
rather tirm, ^phcnc or ovoid grayish masses m thm tluid — tlic so- 
called "globular sputum These globular masses usually contain 
many tubercle bacilb Considerable hcmorriiagts are not infrequent, 
and for some time thereafter the sputum may contain clots of blood 
or be colored brown 
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THE URINE 

Preliminary Considerations — ^The unne is an extremely complex 
aqueous solution of various organic and inorganic substances Idlest 
of the substances arc either waste products from the body metabolism 
or products derived directly from the foods eaten Normally, the 
total amount of solid constituents earned off m twenty four hours is 
about 60 Gm , of wluch the organic substances make up about 35 
Gm and the inorganic about 25 Gm 

The most important organic constituents are urea, unc agd, an^ 
creatinine. Urea constitutes about one half of all the solids, or about 
30 Gm , m twenty four hours 

The chief inorganic constituents arc the chlondcs, phosphates, 
sulfates, and ammonia The chlondcs, practically aU m the form oi 
^lum chlorfde', makeup about one half of the inorganic substances, 
or about 13 Gm , m twenty four hours 
' Certain substances appear in the unne only in pathologic condi 
tions The most important of these arc proteins, sugars, acetone and 
related substances, bile, and hemoglobin Hormones may at times be 
excreted in the unne On page 647 is a dcscnption of new pregnancy 
tests dependent on the excretion of an excess of the hormone from the 
antenor lobe of the pituitary gland 

In addition to the substances m solution all unnes contam vanous 
microscopic structures 

\\'hile, under ordinary conditions, the composition of unne does 
not vary much from day to day, it vanes greatly at different hours of 
the same day It is evident, therefore, that the coUeebon of the 
specimen is important, and that iw quanlitalive test can be of value_ 
i inltss a sample of the viuced Ueni\ four hour urine be used. The pabent 
sKouId^e'~instructcd to void aU the 'unne dunng the twenty four 
hours into a clean vessel kept in a cool place to mu it well, to measure 
the whole quantity and to bring 8 or more ounces for examination 
In order to avoid anno>ing misundcrelandings it is well to make 
these directions specific, telling him to empty the bladder at a speciffcd 
time, say Sam, and to discard this unne, to save all the unne voided 
up to 8 A M of the next daj , and at that tune to empty the bladder 
whether he feels the need for it or not, and to add this final amount to 
63 
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the quantity collected \Vhen it is desired to make only qualitative 
tests as for albumm or sugar, a ‘sample” voided at random will 
answer It should be remembered, however, that unne passed about 
three hours after a meal is most likely to contain pathologic sub 
stances That voided first m the morning is least likely to contain 
them To diagnose cychc albuminuna samples obtauted at various 
penods during the twenty four hours must be cxammed 

The unne must be exammed while fresh Decomposition sets in 
rapidly, espeaally in warm weather, and^^featly interferes with all 
the examinations Decomposition may be delayed by adding 5 g rains 
of bone aad (as much of the powder as can be heaped upon a 10 cent 
piece)'7or~ each 4 ounces ol unne, but this causes precipitation of 
rhombic crystals of unc acid and docs not prevent the growlh of 
yeast Formalm, m proportion of 1 drop to I ounce is a still more 
efhaent preservative, and is espeaally useful for microscopic slruc 
tures but it will interfere with Oberma>crs test for mdican, and if 
larger amounts be used, it may give reactions for sugar and albumin, 
and IS likely to cause a preapilate which greatly interferes with the 
microscopic examuiation Thymol toluol and chloroform are likewise 
much used The use of thymol is very convenient A small lump, 
floatmg on the surface, will preserve a bottle of unne for severed 
da>s but enough may dissolve to simulate the albumin reaction The 
chief objection to toluol is the fact that it floats upon the surface, 
and the unne must be pipclcd from beneath it It is however, the 
best preservative for the chemical constituents particularly acetone 
and diacetic acid Chloroform is probably the least satisfactory It 
reduces Fehlmg s solution and it settles to the bottom in the form of 
globules wluch it is impossible to avoid when removing the sediment 
for microscopic examination One of these preservatives may be 
placed m the vessel when collection of the twenty four hour sample 
IS begun ^Vhenever possible the unne should be kept on ice 

Normal and abnormal pigments, which interfere with certain of 
the tests, can be removed by filtenng the unne through animal char 
coal, or preapitaling with a solution oi normal acelaje of lead Isugax 
of lead), or with powdered lead acetate in substance, and filtenng 

Certam cloudy urines cannot be clanfied by ordinary filtration 
through paper, particularly when the doudiness is due to bactena 
Such unnes can usually be rendered comparatively clear by adding a 
small amount of purified talc or infusorial earth, shabng well, and 
filtenng 

A suspected fluid can be identified as unne by detecting any 
considerable quantity of urea m it (jp 78) Traces of urea may, how 
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1. GENERAL CHARACTERISTICS 


1 . Quantity — The quantity passed in twenty-four hours varies 
greatly with the amount of liquids ingested, perspiration, etc. .The 
normal average may be taken as 1200 to 1500 c c.^ or 40 to 50 ounces 
for an adult in this country GermanTwritefr^ve higher figures For 
children the amount is somewhat greater in proportion to body weight. 

The quantity is increased ^polyurmX Wiuring a^^tion .of Large 
SM^s eflurions.and in many p erypys. conditions It is usually much 
increased in chronic interstitial ^ nephritis. Hhhptpst ingipiHttg. and 
diabetes m elUtus. In these conditions a permanent mcrease in amount 
drurine^ is 'falr^ constant — a fact of much value in diagnosis. In 
diabetes melUtus the urine is usually 2 to 5 liters, and may, though 
rarely, reach the enormous amount of 25.Hters. 

The quantity is decreased (oliguria) in ^pvp-re diarrlieii; i n fev ers: 
in all conditions which interfere witn circulation in the kid ney, as 
poorly compensated heart disease: in the parench^atous forms of 
nephritis; and during accumulation of Quid in the serous cavities. In 
uremia the urine is usually very greatly decreased and may be entirely 
suppressed ( ^uria ). 

Ordinarily, nrinp voided during the day than-.during 

the nigh t, the normal ratio being about 4_tioJjiLJuto*l«./Vgc/ur«fli 
polyuria, in which the night urine (8 P.u. to 8 A.U.) i s increa s e d and 
may equal or excced.that passed-dudng the day, is of value as a sign 
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of early func tional deran geme nt of the k \d»vc:t5 piOYid^d.noj.wtcr.JS 
t aken a fter, the evening njcal^(Mosenlhal s Test, p 169) 

2. Color. — ^This vanes consKlerably in health, and depends largely 
upon the quantity of unne voided, dilute urines being pale and con 
centrated urines highly colored Ihc usual color is yellow or redd ish 
y ellow, due to the presen ce oLseveraL nigmcnts. chielly urochrome, 
w hich IS yellow Traces of he maiopqrphyrin . u ro erythrm, and~u t^ 
bilin are frequenC Uro crvthnn is chiefly responsible” the deep. 
jeddish tmge of urine, in acu te fevers Urobilin and porphyrins Ime 
clinical signilicance and arc discussed later (pp 112 and 116) Aqd 
unne i? gencpillyLdarkct.thaQ js idkaluie 

Color IS sometimes greatly changed by abnormal pigments Blood 
pigment gives a red or brown, smoky color Unne containing b ile is 
yellow ish or brown , with a yellow foam when shaken It may assume 
a gTeenish_hue ^ ter standing, owing to o xidation of bihrub m mto 
bilivcrdjn. Ingestion of small amounts of methylene blue gives a pale 
greeii^ large amounts give a marked greenish blue Santonin produces 
a yellow, rhubarb, senna, cascara^ and some other cathartics, a broi^ 
sa|or^ these change to red upon addRion of an alkali, and if the unne 
be alkalme when voided may cause suspicion of hematuria A bright 
pmk or red color appeanng when the unne is alkalinizcd may be due 
to pbenolphthalein taken as a laxative Thymol gives a yellowish 
green Following poisoning from phenol and related drugs the unne 
may have a normal color when voided, but becomes olive green to 
brownish black upon standing Unne which contains melanin, as 
sometimes vrv g«lanotic tumors, and very rarely in wisting diseases, 
also becomes bro wn orJlack' u pon longstanding A si milar darkening 
uporL£XPOsuDlJQ.ihe..aitLgccur s_in alkapto nuna (p 118) A milky 
color may be due to presence of chyle, or milk may have been added 
by a malingering patient 

A pale greenish unne with high specific gravity strongly suggests 
diabetes raeilitus 

3. Transparency. — Freshly passed n ormal unne is clea r Upon 
standing, a faint cloud of mucus, fcukocytes, and epithelial cells 
settles to the bottom — the so called “nubecula ” This is more abun 
dant in women, owing to vagina) cells and mucus In urines of high 
specific gravity it may float near the middle of the fluid 

Abnormal clQudiness .is usually due to presence of p hosphates 
llPiSSj. or>bact«aa> Epi^chal cells and tube casts are 

rarely present in suffluent number to produce moni'Tlian^a' slight 
cloudiness, although they mav _add to turbid i ty du e to other causes 
There are on record a very few cases «i which cloudiness was caused 
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by spontaneous preapitation of albumin, but, in^ gcneral. albumin 
dnps not affect the tra nsparen cy, of the unnCf The presence of albumin 


docs however, cause marked foaming. wbco-thsainne is shaken 
'■dimorphous tihosMmfcs are prcgpitated m neutral or alkaline unn e 
Ihcy form a white cloud and sediment, which disappear upon addi 



a white or pink cloud and sediment (“brick dust deposit”), which 
disappear upon heating 

vPtis resembles amorphous phosphates to the naked eye Its 
nature is easily recognized with the microscope, or by adding a strong 
solution of caustic soda to the sediment, which is thereby translormed 
into a gelatinous (Donne's test) / 
yiilood gives a reddish or brown, smoky color, and may be recog 
nized with the microscope or by tests for hemoglobin 

^Bacteria, when present m great niunbers, give a uniform cloud 
which cannot be removed by ordmaiy filtration They aro-detected 
with the microscope 


The cloudiness of decomposing unne is due mainly to precipitati 


of phosphates and multipUcation of 


4, Odor,— The characteristic aromatic odor has generally been 
attributed to volatile acids A substance, called “urmod,” has also 
been held responsible The odor is most marked m concentrated 
unnes During decomposition the odor becomes ammoniacal A 
fruity odor is sometimes noted in diabetes, due probably to acetone 
Unne which contains ^ys tjJ 5 ,may develop an od or of sulfurated 
hydrogen d unng decomposition 

Various articles of diet and drugs impart peculiar odors Notable 
among these are asparagus, which gives a charactcnstic offensive 
odor, and turpentine, which imparts an odor somewhat suggesting 
that of violets 


5 Reaction. — Normally the mi\ed twenty four hour unne is 
slightly a cid in react ion. The acidity sometimes increases for a 
lime after the unne is voided, the so called “acid fermentation ” 
The acidity w as formerly held to be due wholly to acid pho_sp l ^tes.y 
but ToUn has shown that the acidity of a clear unne is ^dlnanly 
greater than the acidity of all the phosphates the excess being due 
to free organic acids_Inrlividual samples may^ h^ slightly alkaline, 
especially after a full meal or they may be amphoteric, turning red 
li tmus paper blue and blue p aper red owing to prcsen<^_ of bo th 
alkaline and aad phosphates 'I'hc reaction is orcUnanly determlned'bv 
means of htmus paper, which must be of good quahty 
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Detennmatxon of Hydrogen-ioa Concentration — The hydrogen ion 
concentration or true reaction of the unac is ordinarily about j>H 6^ mth 
the normal range of 4 8 to 7 5 S imple outfits for the determination of 
hydrogen ion concenuatioa colorimetricaliy can be purchased from the 
chemical supply houses Dilute the sample of urme with distilled water 
if too highly colored The phosphates in the urmc act as. a natural bufler 
Place 10 c c. of the sample m a pyrex test tube 16 mm internal diameter 
Add 05 cc of OW per cent solution of bromtliymol blue, which has a 
range m its color changes from 6 1 to 7 7 If die urine is aad less than 7, 
use brom cresol purple, 5 4 to 7, and if alkaline use phenol red 6 6 to 8 2 
If the urme is \ery alkaline use thymol blue, 8 2 to 9 8 and if very aad 
use chlor phenol red, 5 1 to 6 7 The colors are readily matclied by referring 
to a color chart now generally used for this purpose or by usmg a comparator 
as described on page 778 

A very satisfactory method of testing the reaction of urine and roughly 
determming the ts with the use of mlrazine paper ‘ 

Aadity IS increased after administration of certain drugs, by 
exCTss of prote i n in the di et, in acidosis, and whenever the unne is 
concentrated from any cause, as in fevers A strongly aad Unne 
may cause frequent micturition because of its irntaUon This is often 
an impoctant factor m the troublesome enuresis of children 

Quantitative estimation of acidity of urmc is not of much clinical 
value When however, it is desired to make it the method of Fohn 
will be found satisfactory In every case tbc sample must be from the 
mixed twenty four hour urine and as fresh as possible 

Folm’s Method.'^lnto a small flask measure 25 cc of the unne and 
add 1 or 2 drops 0 5 per cent alcoholic solution of phenolphthalem and 15 
or 20 Cm of neutral potassium oxalate Shake for a minute and imme- 
diatelv titrate witli dennormal sodium hydroxide, shaking meanwhile, 
until the first permanent pink appears Read off from the buret the amount 
of dccinormal sodium hydroxide solution added and calculate the number 
of cubic centimeters which would be required for the entire twenty four 
hours unne Most estimations run between 25 and 40 cc of dccinormal 
solution for 100 c c of urine Tolln places the normal aadity for the twenty 
four hour specimen at 554 to 669 c c of decjunfmaJ scOutmo but most 
other aUlhors^ivc-Iowor figures, hluch depends on the diet 

decom p.gsit!o[i.oFm n:3-wit h formation of ammonia^ Alarkcd alkalin ity 
of the freshly voided urmc Usually indicates such ^‘ammonia ca] 
decomposition * in the bladder , which is the rule in neglected chronic, 

iN'trulne («od um dnitrophcnytsuaaiphlbol disuUomte) U manufactured b/ V 
R Seuibb & Sons, Nevr York, N Y 
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c ystihs, espeaally that due to paralysis or obstruction This form of 
fljkalini ty is known as lolalile alkaltnily, a nd can be recognized by 
the odor or by the fact that litmus paper turned blue by the urme 
agam becomes red upon gentle heating or that the paper will turn 
blue when held in the steam over the boding unne Su<^ accumulation 
of free ammoma, derived from breaking doivn of urea after the urme 
IS secreted and leading to volatile alkalinity of the urine, is frequently 
confused m the student s nund with increased elimmation of ammo- 
nium salts m aadosis, which is assoaated with mcreased aadity A 
second form of alkalinity fixed alkaltmlv. Is due to alkaline salts, and 
IS often observed during frequent vomiting, after the cnsis of pneu 
moma, In various forms of anemia, dunng digestion of full meals 
("alkaline tide ’)» after abundant eatmg of fruits , and after admmis 
tration of certam drugs, especially salts of vegetable acids In some 
cases, as a result of the alkalinity, there is regularly a white deposit o f 
amomhous phosphates, and the condition has been called phosphatic 
diabetes " 


With normal individuals admimstnition of 3 to 0 Gm of sodiu m^ bi 

of aadosis upon the other band, very much larger amounts of bicarbonate 
may be given without bringing about this change It appears that a large 
proportion of the carbonate is retamed m the body to fortify the depleted 
alkali reserve of the blood and tissues. Only after the reserve, i^-iestoced 
does the carbonate pass into the unne and change its reaction TTiis fa^ 
forms the basis for the liicarbonaie tolerance test of Sellards ‘ which is 
a simple and useful test for acidosis bnhke the determination of ammon 
lum salts m unne or delecuon of acetone it is applicable m all forms of 
acidosis Moreover, it furnishes a reasonably accurate index of the degree 
of aadosis although Palmer and Van Slyke have shown that judged by 
the COrCombuung power of blood plasma it generally mdicates a some- 
what greater degree of aadosis than really exists 

The test consists in gmng the patient 0 Gm, 9 ! sodium bicarbonate. 
dis solved in a little water, by mouth, every two or three hours nn Ul the 
xm ne7vo/d^ befgrejeaciu^Sg._becQoies neuiral.oii/aiQtfv^RlkaUne^taJitmus 
paper The unne is thoroughly boiled before testing 

Tolerance otJZO ta 30 Gnu'cLbicarbonate indicates ajnoderate grade 
of aadosis which usu a lly produces no cl DicaLsvmptom s Tolerance of 
40 to 50 Cni' is noted m more marked grades which still do not lead to 
symptoms beyond dyspnea upon exertion When the tolerance reaches 75 
to 100 Gra there may be very definite and scnouTclInical symptoms In 
extreme cases the tolerance may reach 150 Gm 

* For {urther deta Is and d rrcUOQs for stenlizat On anH intra, mAiia mj- ihf hifj.r. / 
bonate s«e Sellards. A VV The Pnnaples of Aadosis and Clinical Methods for Its 
Study Harvard Umverdty Press, 1S>W 
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Siace however, large amounts of bicarbonate are not well borne by 
the stomach it is well, m severe acidosis not to push the administration 
until the urme becomes alkaline but to discontinue as soon as the existence 
of marked acidosis is estabhsbed 

Specific Gravity — In a general way this vanes inversely 
with the quantity of uijne The_nQnyial a\erag g..is-about 1.0 17 to. 
1 020 S amples of unne taken at random may go far above or below 
these figures That first voided in the monung is generally most con 
centrated No rmal kidneys should dilu te th e urin e to a s pecific gravit y 

emp ty s tomach in the morning , and should be able.to concentrate 
the urme to about 1 030 when the patient is upon a diet of solid food 
withou t liqui ds for a day Inability to dilute or concentrate to this 
degree is evidence of defective renal function f Concegtration an d 
Dilution Test of Volha rd and Faht, p 170) Variations m speafic 
gravity of specimens taken at stated intervals during the day when 
the patient is upon a standard diet with no intake between meals^are 
also of \aluc m detecting functional incapaaty of the kidneys and are 
discussed on page 1<S9 

Pathologically the speafic gravity of the mixed twenty four hour 
mine may vary from 1 001 to 1 06Q. It is low in ^ronic interstitial 
nephritis diabetes insipidiis. and many functional n ervou s disorders 
It 13 high in fevers and m parenchymatous disease of the kidney 
In any form of nephritis a sud dcn ^iljvithout a corresponding increase 
m quantity of unne may foretell approaching uremia It is highest 
in d iabetes melhtus A high specific gravity when the unne is not 
highly colored or when the quantity is above the normal should lead 
one to suspect this disease A normal or low speafic gravity even 
below 1 005 does not however exclude it 

The speafic gravity is most conveniently estunated by means of 
the unjiom_etcr (Fig 3o) Squibb s unnometer is adjusted to give 
accurate readings at 22 5*' C the Taylor instrument at 25°* C If the 
unne be brought to about the nght temperature a correction for 
temperature will seldom be wecessary in ciiwical work For accuracy 
however it is necessary to add OQOt to the unnometer reading for 
each 3^ C above the temperature for lyhi cb the unno meter- i s stand 
ardL7cd. and to subtiact 0 001 for each 3° C T'bi ^ow that poi nt. Care 
should be taken thaTthe unnometw does not touch the side of the 

^tube and that air bubbles are removed from the surface of the unne 

Bubbles arc easily -removed with a strip of filter paper IVith most 

instruments the reading is taken from the bottom of the meniscus 
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A long scale on the stem is desirable because of the greater ease of 
accurate reading Unnomcters which show slight slipping of the scale 
ma> be checked by students as a speaa] project, by companng them 
carcfullj with an accurate^msJnjrnent Instead of being discarded 
entirely, they thus are made us eful by using a correction, factor 

The specific gravity of extremely small quantities of fluid can be ascer 
tamed by the following method which has t^n much used for the specific 
gravity of the blood Tnofluid« such as benzol and chloroform, which di5er 
mdel> in speafic gravity and which readily mix wth each other, but do not 
mix with tlic fluid to be tested, are rntted in a c>lmder A drop of the fluid 
to be tested is then placed in Uic mixture, and the specific gravity of the 
mixture is adjusted by adding the lighter or the heavier of the fiuids until 



Fig is — Squibb s unoometer with thensfinuter &sdc>linder 

the drop remains suspended near the middle The mixture then has the same 
specific gravity as the fluid which is being tested, and this is readily ascer 
tamed mth an accurate hjdrometer The following precautions must be 
observed (a) The two fluids must be well mixed (6) The drop of fluid to 
be tested must be of medium sire, it must not contam an air bubble, it 
must not chng to the side of the cylinder and it must not remam long m 
the fluid (c) After the speafic gravity has been adjusted as accurately as 
possible with the first drop, it should be verified with a fresh drop (d) 
The hydrometer must be standardized for the chloroform benzol mixture 
or other fluid used m the test Slake a mixture such that a drop of distilled 
water will remain suspended in it (that is, with specific gravity of 1 000) 
and correct the h>drometer by this 

Extons immisaUe bailee for the determination by the above 
method of the speafic gravity of small quantities of imne, blood, or most 
aqueous solubons is especially satisfactory (Fig 36) He uses a mixture 
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of carbon tetrachloride and a petroleum product sold as “vamolcne," 
“stanisol," and possibly under other trade names. 

Total Solids.— The total . mount of solids which passjt hrougb 
the kidneys in twenty-fouf hour^ lay about 60 Gm . 'orQoO grains for 
a mTiPorTso pounds. The prindpaPIaaors*wf»ich influence this 
amount are body weight (e.x<»pt with cAcessive fat), diet, exercise, 
age, the activity of metabolism, and the ability of the kidneys to 
excrete. Simple estimations of the total solids, therefore, may tinder 
uniform conations of diet and exercise furnish an important due to 
the functional efficiency of the kidneys. After about the forty-fifth 



Hg 36 — Exton’s immbcible balance 


year the solids become gradually less; after the seventy-hfth the 
normal amount is about one half that given above 

The total solids can be estimated roughly, but accurately enough 
for most clinical purposes, by multiplying the last two figures of 
the specific gravity of the mixed twenty four-hour urine by the 
numbei ol ounces, vended and to the product adding one tenth oi 
itself. This gives the amount in grains If, for example, the twenty- 
four-hour quantity is 3 pints or 48 ounces, and the specific gravity is 
l 018, the total solids would approximate 950 grains, as follows: 

48 X IS = 864, 8M -h 86 4 = 950 4. 

This method is espcdally convenient for the practitioner, because 
patients nearly always report the amount of urine in pints and ounces. 
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and it a\-ojds ihc necessity of converting into the metric system. 
Haser’s method, which uses the metric system, is more wdely used, 
but is less convenient. The last two figures of the specific gravity 
arc multiplied by 2 J3.JEhc product is then multiplied by the number 
of cubic centimeters voided in twenty-four hours and divided by 
1000. This gives the total solids in grams. 

11. CHE&UC^ E^MJNA'HON 
A. HoailAl. CoSSHTUSKTS 

Of Uie large number of organid ahd inorganic substances normally 
present In the urine, only a few demand any consideration from the 
dinidan. The table given below therefore outlines the average com- 
position from the dimeal, rather than from the chemical, stand- 
point. Only the twenty-four-hour quantities are given, since they 
alone furnish an accurate basts for comparison. The sludeitt cannot 
loo soon learn that percentages mean little or nothing except as they 
furnish a means oj calculating the tuenty-Jour'hour elitninalion. 

Althougli the conjugate sulfates arc organic compounds, they arc, 
for the sake of con\cnicncc, tnduded with the inorganic sulfates in 
the tabic. 

COMPOSmON OF NORilAL URINE 



Grama ia 
twenty-four 
hours. 

Crams, ap- 
proximate 
average. 

Tf4oI sulilafitrs in fciulien 

35-70 . 

(0 Na-^H 

^fnr^anu 

fchlcHy lodium cMorHlr)..... 

u{^otphaie< fesiIiTUtrU u phosphoric km]), total. . . . 

20-30 

fjA., f{- 

10-15 

2. 5-3. 5 

3 

vAlkalinc, two thirds of total. 

,/^ulfatn (estimated at sulfuric arid), total Ti...*.':.' 


2 

l-S-3- 

2.5 

Mineral. luite tenth* of total .................. 

Conjugate, one tenth of total 


2.25 

0.23 

VUi'AUZ. 

^(Cmmonia 

0-S-I 

'K’nea. 

0 7 






p-Uricarid 

orrr 

Lpo 7 


iVmong constituents which arc of little clinical importance, or are 
present only in traces, arc: 

hiorganic. — Iron, carbonates, nitrates, silicates, and fluorides. 
Organic. — Creatinine, hippuric add, purine bases, oxalic add, 
volatile fatty adds, pigments, and acetone. 
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Variations in boily weight, diet, and cxcrasc cause marked flue 
tuitions in the total solids and m individual substances 

1. Chlorides — fhese arc derived from the food, and arc maml> 
m tlic form of sodium chlondc The amount excreted normally is 
10 to 15 Cm, m twentj four hours H is much adcued b> tlic diet 
ind IS reduced to a minimum in starvation 

1 xcrction of chlorides is diminished m some forms of nephritis 
and in fevers csiicciaHv in rmeumonia and mrtammations leading to 
the form ition of large cxud^« In ncphntis particu!arl> Uic form 
designited chronic parcnchvmitous nct>hritis. the kidney s arc levs 
pcrmciblc to the chl ondc s and it is poss ible ihit the c(Icma vs due 
largely to an cli ort of. t he boil y to dilut e tl g^loridcs nhid^havc 
been r etirncd^' fl'crtainly an cxcCs& of"ciilondcs in the food nill in 
min\ cubes increase both the albunununi ami the edema of nephritis 
In fevers the diminution is due largely to decrease of fomi, though 
probably m some measure to impaired renal function In pneumonia 
cliIon<Us are constantly very lour and in some cases are absent 
entirely lollomng the crisis they arc increased In mi’immations 
leading to formation of large exudites— for cvainplc pleurisy with 
clTusion— clilondcs arc diminished because a considerable amount 
becomes ‘ locked up in the exudate Dunng ibaorptiun diluridcs art 
liberated and appear in the unne m excessive amounts In extensive 
bums there is a diminution of unnary chlorides SaJmc mjcciiuns 
form an important part of the treatment Pimmution of chloritlcs is 
also sometimes observed wi severe diarrhea, anem ic conthtions. and 
carpnoma of the stomach. 

Detection of Chlorides^ — The following simple test will shi^w the 
presence of clilondcs, and at the same time roughly indicate any » 
pronounced alteration m amount It is^es pccalJv >n fnlinmn|?| ■ 

the excretion oi chlondcs in eases ol pneumonia ’ 

To a few cubic centimeters of albumin free urine m a test lube'^d a 
few drops of nunc and to prevent n rec ipitatio n of phosphates and tl cn a 
few drop9_of silv er nitrate solution of ^xiut 12^'r cent strength A white, 
ciir dv precipitarc'~brs T l^cr ehtondc form s.-If tlie utyEe**increly becomes 
milky or opalescent, cSlon«IcVare"oiarkcdly duomishcd '' 

Quantitative Estimation.— The well known and reliable Volbard 
method his been simplified by Strauss, and this modiiicalton has 
been still further simplilicd by Bayne Jones and by McLean and 
Selling so that the method is now available for ordinary clinical 
work The only difficulty is the preparation of solutions, and these 
can be purchased ready prepared Other methods for the dclerimna 
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tion of chlondes, which can be ap^ed to urme, are descnbed m the 
chapter on CUnical Chemistry 


l/^U 


Simplified Volhard'~Method‘'( McLeaa and SelhngQ . — As a rule, albu 
mm need not be removed In an~agcufaieIv^‘^rtfwVwl- ^p 
plnce 5 r c of the urine and 10 cc of So1utiQD_Nn. 1-r-j^lix by mverling 
several tiroes^-a reddish color appears, add 3 drops of 10 per cent pot^ 
Slum nermanganate After five minutes add Solution No 2, a very little 
at aJ ime^Mng.aftcr each_ addiUoa until a nennanent reddi^ljra^ color 
\he^ seen against a white.background) appears^ This is the e nd p pjp t 
The solutions are so balanced Jthat utheluiine be chJonde free the 

volume of fluid when the end pomt is reached will be 35 c c and that for 

each gram per hter of chlondes in the unne the volume will be 1 c c less 

Therefore the difference between 35 cc and the height of. the fluid at the 
pnd of the test ^ives directly the number ot g rams of chlo ndes per hter o f 
urine, expressed as so diu m chlond crifrf^^varoDle^ th^fluifTr^^^ tlTe 
28-c c mark, 33 — 28 gg 7 Gm of sodiuin cblonde per liter of unne t 
A certified 50-c.c. graduated cyhnder, with glass stoj^er, is required 
The ordmary Sft-c c graduate is not sufficiently accurate 
The solutions are as follows 


I —SttnJard uher nitrile selulun. 


Silver nitrate (C P , snh>’draus, ciysUlUzed) ZOO^SGro 

Nilncaad (Z^percent) 9.t0cc 

Anunoniolenic alum (cold utunted solution) nO " 

Distilled water to lOOO " 

2 —Ammonium sulfoeyanate set men. 

Ammonium sulfocyanaCe 7Gni 

Distilled water 1000 c.c. 


This solution is lotcDtionally marie too strong, and u must standardised by diluting 
with disUlled water unUl evactly 20 c c (and no Ics) will produce a red color when mued 
with exactly 10.c.c.oLSaluUop No 1 


v2i^hosphates are denved largely from the food, only a small 
proportion resulting from metabolism The normal daily output of 
phblphonc aad is about 2 5 to 3 5 Gm. ^ 

Ihe urinary ohos phatee are of twQ■h^nds■ wb^Tmake 

u p two thirds of the whole, and include the phosphates of sodium .. 
and potassium , an d caWAy, wh ich constitute one third, andlnducle 

frequently thrown out of solution in neutral .and alka line-unnes, and 
as “amorph ous pho^phates ^* form a vey g jmmon sediment This 
sediment seldom indicates an excessive excretion of phosphoric aad 

‘McLean, F C. and ‘wiling, L Further Sunplification of Quantitative Deter 
mination of (blonds in the Unne, Jour Am Assn , 8,2 IO31-10S2 (Apiii 4), 1914 
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It 15 usually merely an evidence of diimiushed acidity of the unne, or 
of an increase m the proportion of phosphoric acid eliminated as 
eartliy phosphates This form of * phosphatuna * is most frequimt 
in neurasthenia and hvstena^\.hen the unne undergoes am monia^ 
decomposition some of t he ammon ia sCt free ffmbines with mag 
nfesiu m, pho s phate to form amm oDiomagnesium^phosp hate ( “tri ple, 
phosphate ) which is onlj slightly soluble in alkalme unne and is 
deposited m typical crystalline form (p 136) 

From the chnical point of view \iriations in the amount of p hos 
phates m the unne are unimportnnj a nd no method for their deter 
mmation need be given here 

3 Sulfates —The unnary sulfates arc derived partly from the 
food especially meats andpardy fromj)ody pietabQh|m The normal 
output o f sulfunc acid is about 1.5 to 3 Gm, daily. It is increase4.LD 
conditions assouated with active metabolism, and m general may be 

taken as a rough tnd e^^of^rotgin — 

About nine tenths of the suifunc amd is m combination with 
various rameral substances, duefly sod ium , potassium, calcium, and 
magnesium ( mineral or pre/omed sulfates) One tenth is m com 
blnation wiin certain aromatic substances, which are mostly products 
of protein putrefaction in the mtcstme, but are derived m part from 
destructive metabolism {conjugate or ctJicreal sulfates) Among these 
aromatic substances are indol phenol, and skatol By far the most 
important of the conjugate sulfates and representative of the group 
IS pmassium indoxyl sulfate 

yVotassium mdozyl sulfate, or mdican, Is derived from mdol 
Indol is absorbed and oxidized into uidoxyl, which combines with 
suUunc acid and potassium and is thus excreted Under normal 
conditions the amount m the unne is small It is increased by a dieL 
nchun ptgtSJh 

Unlike the other ethereal sulfates, which are denved in par£*froin 
metabolism indican onginates practically wholly from putrefactivg. 
nrocc ^jes It alone therefore and not the totel ethereal sulfates, can 
be taken as an index of such putrefaction A marked increase is called 
^ jndteanuna and is often assoaated with, lasutuda and headache Not 
mfrequently it is merely evidence of too much meat m the diet 
Pathologically mdicanuria is noted m 
•jji) Diseases of the Small Infestme — This is by far the most com 
mon source Intestinal obstruction gives the largest amounts of 
indican It is also much increased m intcstiDal indigestion— so<alIed 
‘biliousness , m inflammations, espcaally in cholera an d typhoid- 
fever, and m pmaWsis of neristalsis, such as occius m peritonitis 
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Simple conaiipaliou and diseases ol the large intestine alone rarely 
cause indicanuria. 

Diseases of the stomach associated mth defident bydrochlon* 
add. as chmnic^stritis and easlric cancer. Diminished hydrochloric 


ad d /avors intesUnal putrefaction . Simon has calledattention to the 
rather frequent occurrence oi indTcanuria in cases of gastric ulcer in 
which hyperchlorhydria is the rule, a fact which is as yet unexplained. 

^ Diminished Flaw of Bile. — Since the bile setyTrs as a stimulant 
to peristalsis and in several ways retards putrefaction, a diminished 
flow from any cause favors occurrence of indicanuria. 

(^Y^Decomposition of exudates anywhere in the body, as in em> 
pyema, bronchiectasis, and large tuberculous cavities. 

Detection of indican depends u 
sequent oridation of the indoxyl ^t-frec intrt indigo-blue. Th is change 
sometimes takes place spontaneously in decomposing urine, causing 
a dirt}- ; blue color. Crystals of Indigo (Fig. 4S) may then be found 
both in the sediment and the scum. 




'’ObermMjer^s Method.-»Tale a test tube, about one third full of the 
urine and add an equal volume. of Obenna^eris reagent and a few cubic 
c^umetcfs oi -chiQrdf(>ftnn ''ort>est results the proMriion of urine and 
reagent must be closely adhered to and the mixture should be warmed 
before adding the chloroform. 2Iix by inveriing a few times. Avoid shaking 
violently as this may emulsify the chloroform. If indican be present in 
excess, the chloroform, which sinks to the bottomTwn lLaisuro_elajrJii^ 
H ^color^ Tli^dicaD m normal urine may give a faint blue by this method. 
The depth of color 'indicates the comparative amount of indican if the 
same propordons of urine and reagents are always used, but one should 
bear in mind the total amount of urine voided. It Is well to keep on hand 
one or two test tubes with marks indicating the amounts of urine and 
reagents to be used. An accurate quantitative method U.unnecessary'In 
<*hni‘< -al ;rork, _ 

, Urine of patients taking iodides gives a reddish-violet color with,Ober- 
mayeris reagent, and this may obscure even a fairly strong indican reaction. 
However, upon addition of a few drops of strong sodium hyposulhte solu- 
tion and shaking, the violet color will disappear, leaving the blue if indican 
be present. Occasionally, owing to slow oxidation, indigo-red will form 
imtead of indigo-blue. This gives a color much like that due to iodides, 
but it does not disapF>ear when treated with sodium hyposulfite. A color 
somewhat similar to that of indigo-blue may be product by guaiacol, but 
this soon changes to jellowish green. Hexamethjlenamine prevents the 
reaction even when a large amount of indican Is present, as does formal- 
dehyde when added to the urine as a preservative. Bile pigments, which 
int^ere with the test, must be remove if present (p. 64). 




ObiTmaya's tcagtnt consists of strong hydrochJonc acid (sp gr 1 ly), 
1000 c c , and feme chlonde, 2 Gm This makes a yellow, fummg liquid 
whic h keeps well 

w/' I Iren. — th<^ standpomt-of physiology-urea-ii-the mp^ 
important constituent of the unne It the principal waite product 
of metabolism, ah out one half of all the solids ex 
creted— about 2Q_ to 35 Gm m twenty four hours It represen ts , 8 5 
t o 90 T?er cent of the total rntrogep of the unne^ and its quantitative 
estimation is a simple, though not very accurate, method of ascer 
taming the state of nitrogenous excretion This is true, however, 
only in normal individuals upon average mixed diet On a low protein 
diet It may fall to 60 per cent of the total nitrogen Under pathologic 
conditions the proportion of nitrogen distnbuted among the various 
mtrogen containing aubstancea undergoca-greaCy^natipA The only 
accurate index of protein metabolism is, therefore, the total output 
of mtrogen, which can be estimated by the Kjcldahl method or one 
of Us modifications The whole subject of “nitrogen partition” (dis 
tnbution of nitrogen among the nitrogen contammg bodies) ,and 
“nitrogen equiUbnum’ (relation of excretion to intake) is an impor 
tant one, but is out p( the province of this book, since as yet it con 
cems the biochemist more than it does the chmaao 

It may be helpful to state here however that upon a mixed diet the 
mtrogen of the unne is distributed about as follows Urea mtrogen, S69 
per cent ammonia mtrogen, 4 4 per cent, aeatinme nitrogen, 3 6 per cent, 
unc acid mtrogen, 0 75 per cent, “undetermined mtrogen,” duefly In 
ammo acids 4 3 per cent 

Normally, the amount is greatly i nfluenced, bv exercise and di et,, 
It is increased by copious dnnking of water and administration of 
airunriTimm silts o f organic aads 

Pathologically, imea is increased in fevers, m diabetes ^yhgp 
atgd gsi s is not mark^ . and'e^ciaUv duni^ re splution^T^ieumonia ^ 
and a^ilorplion of large exudates As abov^nSiwted', when other 
factors are equal, the amount of urea indicates the activity of metab 
olism In dcading whether in a given case an increase, of urea is due 
to increased metabolism the relation between the amounts of urea 
and of the chlorides is a helpful consideration On a mixed dief^i 
amount of urea is normally ab out twice that of 'the chloridcin if 
proportion is much iiicreasSTabove lhis, incrcased'tissue destruction 
may be inferred, smc c— Other conditions wh ich mcrease urea also 
jncteasejhhaicks. 

In general, a pathologic decrease in amount of urea is due either 
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lessened formation with iQ^g^ bod y or to dummied excretion 
Decreased (ormaiton ai urea occurs m diseasciof the liver with de^ 
truction of liver substance, such as marled arrhosis, carcinoma, and 
acute yellow atrophy The state of aadosis likewise ^creases for 
mation of urea, because nitrogen whidi would otherwise be built mto 
urea is ehnunated in the form of ammonia (p 83) Rejenlion of urea 
occurs m most cases of nephntis In acute nep hntis the amount of 
urea m the unne is marke dly decrcased^ and a return to normal 
denotes improvement In the early stages of'Sronic nephritis, wh^ 
diagnosis IS difficult, ll is usually normal In the late stages, when 
diagnosis is comparatively easy, it is decreased Hence estimation of 
urea is of httle help in the diagnosis of this disease, and is of no value 
whatever when, as is so frequently the case, a small quantity of 



Fig 37 — CiystaU of mtiate of urea (u pper haU) and oxalate of urea (lower half) (after 
' Fuoke) 

unne taken at random xs used WTien, however, the diagnosis is 
established, estimations made at frequent intervals under the same 
conditions of diet and exercise arc of much value, proiided a sample 
of the mixed taenly four hour unne be used A steady decline is a very 
ba/1 TOojpj/a.sA’/c dyawawtow vs, 'isfudb i z. 

forerunner of uremia Much more helpfui in the study of nephritiTis 
the estimation of the extent of retention of urea m the blood, which is 
discussed on pages 171 and 182 Estimations of urea m unne are, in 
fact, made much less frequently than formerly 

,/The presence of urea ca n be shown by allowing a few drops o f 
t he, flu id partially to evaporate u po n a slide, and adding a small 
drop of_pure, colorless aitnc acid or saturated solution of ovahe 
aad Cryst^ of urea nitrat e or oimlate (Fig 37) will, so on-appear 
^(Tcan be recognS?d witH~the niicroscope 
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Modeni quantitative methods are based upon the conversion of urea 
into ammonium carbonate by ureasei a ferment first extracted by TakeuchiV 
from the soy bean m 190^he urea is esUmated from the amount of 
ammonium carbonate produced by the fermentation There are several 
chnicaJ methods three of which are here given id detail Jn the first, the 
urine after fermentation is titrated with decinonnal hjdrochlonc acid In 
the presence of the indicator, methyl orange It is not entirely accurate, 
but IS much supe rior to the, hv nobionfdie method In the second the am 
tnonia Is determined by ncsslcruatioo This method is sufficiently accurate 
for the most exacting work, but is too omplicatcd for use in a physician's 
office laboratory Ihe third method, which employs the Van Slyko and 
Cullen aeration technic, is particularly useful if A number of samples of 
unne or blood are to be tested at one tunc 

Neither albumin nor sugar nor any other substance likely to be present 
m body fluids mlirferes with the action of urease 

Marshall s Urease Method —I Into each of two 200 c c flasks measure 
5 c c of the urine and about lOO c c of water and to one add 1 c.c of 5 
per cent solution of urease ‘ 

2. Overlay the fluid in each flask with about I c c of toluol inseit corks, 
and let stand over night at room temperature (or for three hours in the 
incubator atd7*C) 

3 At the end of this tune iitnte the contents of each flask to a distinct 
pink color wuh dccmormal hydrochloric acid, using a lew drops of 0 S pet 
cent methyl orange solution as mdicator 

4 Find the difference between the cumber of cubic centuneters of 
decmormal acid used m Uie two titrations and multiply this by the factor 
0 06 to obtain the percentage of urea m the unn® From the percentage 
calculate the twenty four hour elimination 

Urease Method of Fohn and Youngburg Required — (a) 
Pennuut powder 

{b) Urease solution, pyrophosphate solution, Nesslers reagent, and 
standard ammonium sulfate solution as desenbed for blood urea on page 364 

(e) Ammonia free distilled water must be used throughout Water 
may he freed of its ammonia by shaking with permutite powder and 
decanting 

llethod'^i 'Kcniov^ mnmoDia from the urine as follows Carefully 
dilute5cc of the mixed twenty fourhour urine to 50 cc , or 10 cc to 50 
tc \{ tlve specific gravity be very low Mn well and SUer Place about 
25 cc of the diluted unne m a 200-cc flask with about 4 Gra of dry 
permutit powder and agitate gently for five minutes Allow to settle for 
fifteen to thirty seconds or centdfugahze and decant the clear fluid 

I Urme powder with the necessary phosphate added to increase its acUvity !i pr^ 
pared by the ArlmRion Chemical Co ami E R. Squibb & Sons The pb>'stdaa will fnd 
it more convenient to use Ibe 0(tt5>Cm tablets sold by Ilynson, VVestcott & Dunning 
BalUmore. Two of these are crushed and dissolved in 5 ce. of water, and the whole of thli 
solution IS used lor the test 
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2 Place exactly 1 c.c of the diluted ammonia free urme m a test tube 
and add 1 c c of urease solution and 1 drop of the pyrophosphate solution 

3 Place m a large beaker of water at w to 55“ C for five minutes, or 
let stand at room temperature (or fifteen minutes 

4 Transfer the fluid to a 200<c volumetric flask, nnsmg the tube 
vMth distilled water and addmg the rmsmgs to the flask, and dilute to 
about 150 cc 

o At this stage prepare the standard by placmg in another 200~cc 
volumetric flask 10 c c of the standard ammomum sulfate solution (repre 
senting 1 mg of mtrogen), 1 cc of urease solution, and about 140 cc of 
water 

6 Add 20 cc. of Nessler s reagent to each flask as nearly simuJtane 
ously as possible, dilute to the 200< c macks with distilled water, and 
imx well In adding the Kesslers reagent give the flask a whirl and run 
m the reagent from a pipet vrhile the fluid is still w hirling 

7 Compare the unknown with the standard in a colorimeter 'The 
calculation is based upon the fact that the unknown represents 0 1 or 
0 2 c c of unne, depending upon the dilution employed, while the standard 
contains i mg of nitrogen With the Duboscq and Demson Laboratory 
colonmeters the following formula may be used,*!) representing the dilution 
of the unne, that is, the number of cubic cenBmelers 'ttrwhich 1 c c of the 
urme w’as diluted m Step 1 

Reading of standard , 

todmg X D X 100 = mg u,eamuos^ml00cc.o!urm: 

8 It IS generally desirable to record results m terms of urea mstead of 
urea mtrogen To this end multiply the figure for urea nitrogen by 2 H 

Van Slyke and CuUea Aeration Method —The pnnuple of this method 
is sumlar to that for the determination of blood urea, which is descnbed 
on page 36S 

Reagents Required — (c) Urease solution, 10 per cent aqueous solution 

(5) 1 "Konbubbler,” rosin 20 Gm., turpentine SO c c 2 Amyl alcohol 
30 c c , kerosene 70 c c 

(c) Potassium carbonate, aO per cent solution — • 

(d) Bufler solution, 0 6 per cent monobasic potassium sulfate 

(e) Volumetnc solutions, .^Ueth normal- su2/uncL.aad, and fiftieth 

nor mal sodium hydroxide - 

(J) Indicator, 1 per cent sodium alizann sulfonate in distilled water 

ifeihod—l Dilute the unne 10 times with distilled water 

2 Place 5 c c of diluted unne (represents 0 5 c c of onginal urine) in 

a urease tube - - — 

3 Add 2 c c of urease solution (a) •— — — — - 

4 Add 1 c c nonbubbler {b, 1) 

5 Add 10 c c potassium carbonate solution (c) 

6 Add 5 c c bufler solution (d). 
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7 Place 25 c c of fiftieth normal sulfuric aad (e) in ihc atid tube 

8 Add 1 c c noabubbler (6, 2) 

9 Add 1 drop indicator (0 

10 Connect the apparatus with a suction pump and aerate for forty- 
five minutes 

11 Titrate the aad tube with fiftieth normal sodium hydroxide (e) 

12 Also titrate a blank tube, which has been set up and aerated uiUi 
out unne, to determine the amount of ammonia in the reagents 

Cflicafotion — (A) Urea nitrogen + ammonia nitrogen (mg per 100 
c c ) = (blank titration — titration of unknown) X 56 

{B) Ammonia nitrogen « (10 — titration of unknown) X factor (14 
28 or 56 accordmg to the amount of unne used sec p 86) 

Urea nitrogen per 100 c c = (A) — (B) 

Urea « Urea nitrogen X 2 14 

S^nc acid is the most important of a group of substances 
called fitiru^e A/i ^tf-c,- tvhifh are derived chielly from the nucleins of 
the food, f-ro^enpiiv iiri/-Ar.td ^ and from metabobc destruction of the 
nuclei of the body, vrti- The daily output of unc 

aad IS about 0 4 to 1 T he amount of the other punne bodies 
together is about one tenth that of unc acid Excretion of these 
substances is greatly increased by a diet rich in nucleins, as sweet 
breads and hver 

Xlnca cid exists m the unne m the form of urates chiefly of sodium 
a nd notassmm , whi^ in copcentratcd~urme? are readily thrown out 
of solution and constitute the familiar sediment of “ amorphous 
-urateg This together with the fact that unc acid is fre^iMtly 
deposited as crystals, constitutes its chief interest to the practitioner 
It IS a very common error to consider these deposits as evidence of 
excessive excretion 

Pathologically, the greatest inctca ^-Of unc aad occurs in leukem ia, 
where there is extensive destruct ion of leukoc ytes, in diseases with 
active fi( UwV 'anrt~ hfbpr nrpnn’t nch in nUClw, aod 

dunng absorption of a pneumomc exudate There is generally an 
increase diiring ^ rav trLxtmp^ Unc aad is d e crea^d^ before an 
a ttack, of.i^out and increased for several d ays aiteri t, but its etiologic 
relation is still uncertain An inucasc is also noted m acute fevers 
For exact determinations the method of Benedict and Franke ‘ 
given below m detail, or that of Fohn and Wu,*. is recommended 
The Benedict and Fra nke method is a direct. .jolQrimpfnS--method 
• Ikned ct, ^ R and Franke, Elizabrtb A Metbod for the Jlirect DetenmoaU^ 
of Unc Aad in Unne Jour B oI Cbcm 52 387 391 (June) 1922 

>rolin O andUu H A Rev sed Colonmetnc Method for Deteiminatioa of Unc 
Acid IS Unne. Jour OtoL Cheou, SS 459-4G0 (July), 1919 
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ever, acids are present m e x cess, _ e itber from in g estion of mineni 
acids oi^‘from*^b'norinkr'Droductlron o{ acids w itlim the body (for 
diacetic a ilil oxy buty nc acfds in^iabetcs n^ lTit us), am 
^ monia co mbines yitinEero and n^so^ ercted the x irea oPtlie unne. 
S^ g ~<^^es pondin gIy dcaeascd“* ^is is aiT importan t-pau oLthe 
meebanrsm by whi^'~thrbodv- Drotccts itself against _acid_mtoxica 
tmn ^Acidosis' p "648) Theammonium*^saits are not, however, 
mcreased m'ail forms ^ aadosis, notably not m aadosis of nephritis 
In diabetes mellitus, and other conditions associated with exce^isive 
yoduction of diacctic and oxybutync acids the output of ammonium 
s^ts is a very important tttdcx of the decree of a cidosis A mmonia 
'elmunatioh iii olalic^rwitti mnti acidosis ma>^he I or 1 5 Gm daily, 
nsing to 4 OT S Gm m severe cases and even to & or 10-Gm in extreme 
> cases Ammonia is Likewise increased^ permaotis vomiting of preg 
nancy, but »-ot t» «er'<j«s and in conditions in which the 

power to synthesize urea is interfercd_v.nt hv notably orrhosis and 
other destructive diseases of the liver and conditions assoaated with 
deficient oxygenation Certain drugs have a marked milucnce upon 
ammonia eUimnation thus fixed alkalies and salts of organic aads 
diminish it while inorganic aads such as hydrochlonc, increase it 
The ammonia referred to m the abo ve para CTaphs is in the form 
of ammonium salts and should not be confused as^i t j>ften is , with 
the a ccumulation of free ammonia, whl^ S'^ehved from decom 
position o/ urcaaJter the urine is secreted and which leads to volatile 
alkahnity 

Quantitative Estunation. — The unnt iiiust be fresh, since dccom 
posiUon increases Ihe am»»£Wi»o The fonnalm method is entirely satis- 
factory for clinical work, though subject to some inaccuraaes When 
earned out wnthout use of lead acetate it includes ammo aads with 


the ammonia hence sometimes giv« figures that ore too high The 
Folm and Bell method gives ammonia only and is accurate The 
difference between the figures obtamed by the two methods therefore 
represents ammo-aads The aeration and titration method is lela 
lively simple, and is most convenient if urea determinations are being 
at Vhft savaa trava by \bt Van S\yk.e and CvJiew tatVbwi Ttft 
techmc of this method (Folm Macalliiin) is given on page 86 


Roncbese-Malfatti Formalin Method. — This depends upon tlie fact 
that when. formalin i&added to the urme the ammonia combines iiitb it, 
forming hexatuethyleoamme The aads with which the ammoiua-w^ 
combined are set free, and their quantity, ascertained by titraUon witb 
sodium hydroxide, indicates the amount of ammonia 

Take 10 C.C of the unne m a beaker or evaporating dish, add 50 c.e 
water and 10 drops of 0 5 per cent almhoiic solution of phenolphthalein 
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NcutraUze b> adding a weak sodium !i>droxidc or sodium carbonalc 
solution until a permanent pink color appears To a c c formalin add 15 
C.C water and neutralize in the same-way Pour the formalin into tlie unne 
The pink color at once disappears owing to liberation of acids Now add 
dccmormal sodium h>droxide solution from a buret until the pmk color 
just returns Each cubic centimeter of the deanormal solution used m this 
titration corresponds to 00017 Gm- of NHj This must be multiplied by 
10 to obtam the percentage from which the twenty four hour elunination 
of ammonia is calculated 

The method is more complicated, but distinctly more accurate, when 
earned out as suggested by E W Brown Treat 60 c-c of unne wiUi 3 
Gm of basic lead acetate, suTwell, let stand*a few minutes and filter This 
removes certam mterfenng nitrogenous substances Treat the filtrate with 
2 Gm neutral potassium oxalate, stir well and filter Take 10 cc of tiie 
filtrate, add 50 cc. water and la Gm neutral potassium oxalate, and 
proceed with the ammonia estimation as above outlmed 

Penautit Method of Folia and Bell. — Reagtnts Required —(a) Per 
mutit powder 

(fi) Sodium h>droxide 10 per cent aqueous solution 

(e) Kessler’s reagent and standard ammonium sulfate solution as 
desenbed on page 364 

(d) Ammonia free distilled water must be used throughout. 

ilelhod —I Place about 2 Gm of permuuie powder m a 200-c c 
volumcUic flask, add S &c. of water, and mix 

2 Add an exactly measured quantity of unne from the mixed twenty 
four hour specimen, usually I or 2 cc , rinse down the unne with 1 to 5 
c c of water, and shake gently for five mmutes 

3 Rmse the powder from the sides of the flask to the bottom with 
25 to 40 cc of water and decant, leaving all the powder 

4 Wash the powder by adding about oOcc water shaking gently and 
decanting In cases of unne nch in bile the washing should be repeated 

5 Add a little water to {he powder and then add o c c of 10 per cent 

sodium hydroxide Mix well, add about 140 c c of water, and shake for a 
few seconds ' " 

6 At this pomt prepare the standard as follows lna200-c.c volumetne 
ilask phee 10 cc. ci the ammonmia sulfate solution, representing J mg 
nitrogen, add 5 cc. of 10 per cent sodium hydroxide solution, and about 
140 c c of water 

7 To eadi flask add 10 c c of Kessler’s reagent in tlie manner desenbed 
for urea on page 81 Dilute to the 200 cx marks with water and mix welL 

8 Compare the unknown with the standard m a colorimeter Details 
of the calculation depend upon the type of colonmeter used W ith the 
Duboscq and Demson Laboratory colorimeters the following formula may 
be used, V representing the number of cubic centimeters of unne emplojcd 

Reading of standard 100 

R ea di es rfmilnov^ - X — = “5 ammoma mtiogcn m 100 C.C uma 
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9 If, as IS generally Ibe case, il ts desired to record results in terms of 
ammonia (NHj), multiply the figure obtained ior ammonia nitrogen by 
1 214 

FoIm-MacaUum Microcbemical Method — The ammonia of the unne 
IS set fne by the addition of an alkaU and is then earned over by an air 
current into a fiask containing a measured amount of standard aad The 
excess of acid that is not neutralued is then titrated and the amount of 
ammonia is calculated for 100 c c of urine 

lieagciils Required — (o) A solution containing 10 per cent of potassium 
carbonate (KsCOj) and 15 per cent of potassium oxalate (KiCsOj) 

(&) Nonbubbicr, am^l alcohol, and kerosene 

(c) t iflieth normal sulfunc acid solution 

(d) Fiftieth normal sodium hjdrovide solution 

Procedure — 1 Place 1 to S c c of unne in a large pyrex test tube The 
amount of unne measured out with an Ostwald pipet is usually 2 cc 
Very dilute unnes may require 5 cc to make a satisfactory determination 
and diabetic unne may requu-e only J cc or less, diluted to 5 cc with 
distilled water 

2 Add a few drops of solution (a) 

3 Add d or 4 drops of nonbubbler (b) 

4 Connect die apparatus to an air current outlet, or a suction pump, and 
drive o>er the liberated ammonia mio 10 c c of (c) placed m a receiving flask 

5 1 itratc with (d) for the amount of excess acid 

Ca/cu/o/itiw— Ammonu nitrogen m milligrams per 100 c.c. ■» (10 — 
the number of cubic ceoUmers of (d) used m the titration) X 14, if 2 c c. 
of unne are used 

Ammonia equals 17/14 X ammonia nitrogen If only I c c. of uruic « 
used the factor is 28, if only Once should be used the factor would be 56, 
while if in tlie case of very dilute unne 5 cc are used, the factor would 
be only o 6 

7. Amylase.— A small quantity of s tarch_dige^tmg ferment, whic h 
ts derived chiefly from the nwreas. caT\Jie.t \clerted m thf; unne o f 
liMlthy person s Many tnoduications of WohlgcmutE^Ttest have been 
proposed by vanous authors, with somewhat confusing reports as to 
results and interpretation It is somewhat uncertain whether estima 
tions of diastatic ferment m so-called ‘‘units” are of much value. 
Jens roged,‘ using the technic of iahnaus Afpffer,^ has found that m 

' Foged Jrns The Gioical SigoiScancc of Diulosuna I The Non&al V&lues lor 
Fancrcas liralthy Indwiduals. Acta rhir Scand 69 iSi-iCiZ 1932 II Postoperauve 
DiaslasuTui, Acla chir Scand . 69 S43~5a6 1932 III DiaUuuna In ^ Lesioiis of 
the BJiary Ducts, Acta ch‘f Scand, /O 427-442, 1933 IV "iTie Sgnificance of the 
Diartauc Pouer of the Unne m the Diftneoual Dia^iosisof the Vanous Forms of ictems, 
AcUthir Sscand 73 203-21? 1933 

• rabnci\a-M6Utj, J Diastase is Unnw UeesJt. t Laeger, S8 2S7-29S (March 
1926 
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t he lirst forty eight hours of aa attack of acute pancreatitis, an d in 
obstru c tion oT the common faile ciuct by a gallstone, tl iere may be a 
raarhed increase iiT the output of amylase ,In other pathologic corT” 
illtldnironhe^ancrcarDrUvcrT^Riraniount of amjiasc m the unne is 
usually normal Tlic important detail of a test for this enzyme is in 
the preparation of the s tarcli-solution which should be made with a 
bulTcr solution of pH The Fabnaus Mfiller test is the simplest 
test to perform and to interpret 

y^stunation of Amylase — Fabnclus*M]iUer Test —Reagents Required — 
(a) Starch solution DissoUcOlGm soluble starch m 100 c c bulTer solution 
of 6 7 (see p S36) to winch has been added 0 45 Gm of sodium chloride 
The starch should be stirred into the cold bulTcr solution, and then dis* 
soKcd by gently hcatuig TIic solution should be freshly prepared (b) 
Gram’s lodme soluUon (see p 832) diluted fne times, or approximately 
X/200 iodine solution 

Procedure — 1 Dilute 1 cc of unne, preferably using a twenty four 
hour sample, with 29 c c. of distilled water 

2 Place SIX small tubes m a rack, each one contauimg 2 c c of starch 
solution ( 0 ) 

3 Using a dropper or buret, that dchxers approximately 20 drops to 
lee, place 8 drops of diluted unne in tube I, 6 drops m tube 2, 4 drops u 
tube 3, 3 drops in tube 4, 2 drops m lube 5, and 1 drop m the sixth tube 

4 Place (he rack of tubes u a water bath and >tnaiii tain at oO^ to 40^ C 
for thirty minutes 

5 Cool the tubes in cold water to stop the action of Uie enzyme \ 

6 Add 1 drop of the lodme indicator (h) to each tube 

Itilerprclolton — ^Thc end point of the rcacUon is marked by no color 

or by a port wine color, a blue color indicatmg absence of amylase The 
cslinuUon of the number of units of amylase present depends on which 
tubes show exidcnce of digestion of staicli If there 13 no digestion in any 
of the tubes, Uicre arc less than 150 units If there is digestion in all 6 tubes, 
there ore more than 1200 umts The onginator of tins modihcation of the 
Wohlgemuth method docs not consider that the number of units is of 
any cJinical value The v-alues m units for the vanous tubes are for tube 
150 units, tube 2, 200 units, tube 3, 300 units, tube 4, 400 units, tube^. 
600 units, tube 6, 1200 umts The amount of amylase which can be deter- 
mined in normal unne by Uus method is from less than 150 umts up to 
300 umts (digestion in tube 3) It is evident tliat by this method the com- 
plete absence of diastase in the unne cannot be demonstrated unless more 
tubes and larger quantities of urme are used 

B. ABVOUiUL CoasltTUESTS 

Those substances which appear in the unne only in pathologic 
conditions are of much more interest to the clmiaan than are those 
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which have just been discussed Among them are proteins, sugars, 
the acetone bodies, bile, urobilin, hemoglobin, hematoporphyrm, and 
the diazo substances Most of these are present m negligible traces 
normally The detection of drugs m the unne will also be discussed 
under tlus head 

y. Proteins — Of the proteins which may appear in the unne, 
serum albumm and senim globulin are the most important Mucin, 
proteose, and a few others are found occasionally, but are of less 
interest/' 

4/Serum Albumin and Serum Globulin — ^These two proteins 
constitute the so called * unnarv albumin ** They usually occur 
together have practically the same significance, and both respond to 
all the ordinary tests lor "albumm ” 

Their presence, or albumtnurta, is probably the most important 
pathologic condition oi~the unne, and ^so the most frequent It may 
be cither acadenlal or renal The physician can make no greater 
mistake than to regard all cases of albummuna as mdicatmg kidney 
disease 

yUctdenlal or false ai6«CTt>mno. is due to admixtur e wit h th^ 
un ne of albumiDOuriimds,*sua as pus blood, an^ vagin ardis charge 
The microscope wUl usually reveal its nature It^occurTmomre 
quently in pyelitis, cystitis, and chronic vaginitis, an d the quantity 
of a lbumin IS usualljTstnalL ” ■* 

' ^Renal albumniursa refers to whi c h_has passed from the 
m oocL u ito the urineThrough the walls of the kidne/^ tubules or thT 
gl omeruli , * " 

Albummuna suffiaent to be readily recognized by the ordmary 
clinical methods probably never occurs as a physiologic condition the 
so caUed p/iystologtc albuvttming appearing only under conditions 
which must be regarded as ab^nnal Among these may be men 
tioned excessive muscular exertion m those unaccustomed to it, ex 
cessive Tnpestion of proteins ' { ^etetic album muna). prolon ged cold 
baths , the later stag es of pre gnMcy , and chil^biM^ In tHese condi 
Uons the album^na''irbr3inarily slight'^nd'transient Albumin is 
frequently present in the unne of infants, possibly because the young 
kidney is particularly sensitive to irntant s 

There are certain other forms of aTbunununa which have still 
less claim to be called physiologic, but which are not always regarded 
as pathologic. Among these is excise, ^Ihosiattc. or Postural albu 
,/ ^iwtirta This appears at certain periods of the day, whii may va^ 
m dilTcrcnt cases, and disappears with rest in bed Most frequently 
the m a xi m al output of albumin occurs late m the afternoon This 
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form of albummuna occurs, for the most part, m neurasthenic, s ub- 
jects durmg adolescence and is by im n^ans rare In some coses at 
least It IS assoaated with curvature of th e spme (lordotic alburn 
una) The phenolsulfonephthalem test usually_show5 normal excre 
tion Tube casts may or may not be present A considerable amount 
of protem precipitable by acetic aad m the cold has been noted m 
many cases It is noteworthy m this connection that nephntis some 
times begms with a cyclic albummuna 

In pathologic conditions, and in most, at least, of the “functional” 
conditions just enumerated, renal albummuna may be referred to one 
or more of the following causes In nearly all cases i t is accompanied 
by tube casto . 

Circulatory changes in the kidney, either anemia or congestion, 
as m excessive exercise, chronic heart diseas e, severe general anem iaf 
and pressure upon the renal vein s, as m the later stages of pregnancy 
The quantity of albumin is^ually but hotlilways small Its presence 
15 constant or temporary, accordmg to the cause Most of the causes 
if continued, will lead to degenerative changes m the kidney and even 
to nephntis 

Irritation of the Kidneys— "H sk there is sbgbt damage to 
glomeruli or renal cells, with cloudy swelling or even more senous 
degeneration, but without dehnite nephntis The amount of albumin 
18 generally small and the condition transitory This is probably the 
chief [actor m toxic and febnie albummuna, and it is at least a con 
tnbutmg factor m the albummuna of pregnancy Among drugs which 
m toxic doses may cause albummuna are mercury, canthandes, tur 
pentme, mustard, arsenic, lead, ether, etc In febrile conditions, 
particularly m the acute infectious diseases, small or moderate amounts 
of albumin are frequently found m the unne, owing chiefly to the 
irritant ellect ot bacterial'toxii^ ihis is'espeqallv true oT'diphtheria, 

scarlet fever. pneumomar~typboid fever, and acute streptococac 

infection s, m any'ot™whi^ the renal condition may develop mto true 
nephntis, with oimcident increase m the amount of albumin 

J^ Orfanic Changes in the Kidney — These mdude the mflam 
matory and degenerative changes commonly grouped together under 

the name of nephntis. and also renal tuberculosis and neoplasms 

The amount of alb umin elunmated m these conditions vanes from 
minute traces to 20 Gm, or even more, m the twenty four hours, 
and, except m acute processes, bears bttle relation to the seventy of 
the disease In acute a nd chronic parenchymatous nephntis and in 
syph ilis of the ki^ev the f juantitv is.usuallZ^verv large, from 1 t Q .2. 
per cent or mor e_ In chronic interstitial nephntis it is smal^— fre 
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qucntly no^morc than a slight trace It is vanable m renal tuber 
culosis and neoplasms In amyloid disease of the kid ney the^qu antitv 
I S usually smal l and serum globulin may be present in especially large 
proportion or cn alone Koughly distinctive ol serum globulin Islbe 
appearance of an opalescent cloud when a few drops of the urine are 
dropped into a glass of distilled water 

Detection of albumin depends upon its precipitation by chemicals 
or coagulation by heat There arc many tests but none is entirely 
satisfactory because other substances as well as albumin are pre 
cipitalcd Ihe most com mon y iurce, of jcrrpr^is . muan Whw any 
consi derabl e am ount of mucm i s pre sent it can be remo ved by aa^ 
{^ing wi th acetic and and hlienng Unne voided early m t he eveniDg 
or a few hours after a meal is most lik el y to con tain albumin 

It ts cry imfiorlaiif^lfiat urine to be tested for albumin be rendered 
char by /llralion or coilrt/ugatmt Tlus is too often neglected in 
routine work When ordinary methods do not suffice, it can usually 
be cleared by shaking up uath a little puni ed talc, mfusonal earth, 
or animal charcoal and filtering This will rcmo\e a part of the 
albumin by absorption but the remainder is more easily detected 
If t he urine bo alkaline , sufTiaent acetic acid should be added to 
make It aad to litmus Vaughan has called attention to Uie fact 
that if bactena be abundant in an alkaline unne, some of the bacterial 
proteins may go into solution and give the tests for albumm lo 
extremely concentrated unne certain of the unnarv silts ma y inter 
fere'\vitlLihe-.testJ oT albu min in such caTes dilution^Q^c tinns 
will render. the test more definite, even tliough the concentration of 
albumm is thereby reduced 

Albuminous unne foams markedly on shaking and the foam 
remains a long lime This gives a rough indication of the presence of 
albumin before the tests are made 


x-'^echnic of Ring or Contact Tests — Since tins simple and widely useful 
melhod of testing is best known in connection with the detection of albomiiJ 
a general description is given at this place 

Take a few cubic cenlimclcrs of the heavier fluid in a conical testglass 
hoW the glass in an inclined position and run the lighter fluid gently down 
tl e inside of the glass by meanaof.a medicine dropper so that it will form 
a la)er on top of the other without mixing In the case of the urine which 
must be filtered before testing it may be run in directly from Uic stem of 
Uie funnel by touching this against the wall of the test glass Jlonroe' 
advises filtering the urine into ihe test glass and introducing the reagent 


‘ Personal cooimumcaUoa of Dr R. T Moane, JUrv-sid Med cat School to lie 
&uUor 
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under the unne with a pipet or medicine dropper, thus obtaining better 
lajenng than bv pouring He has found it ad%'antageous also to adopt a 
standard time of one minute as the optimum time for obser\*ation of the rmg 
If the test be positi\e, a sharply deHned white or colored rmg will appear 
where the two fluids come into contact According to its color the ring is 
seen most clearly if viewed against a ivhite or a black background, as the 
case may be and one side of the test glass may be painted half white, half 
black, for this purpose It is better, however, to use clear glass and to ha\e 
the white or black background at a jisto nce o f some feet 



Fig 33 — Showing twu methods of perfonning the contact test for album n A 
Boston s method wh ch s conven ent for routine testing of a large number of unncK. bu( 
u less accurate than the use of a coniraJ test glass as recommcn trd in the text Boston) 
B Honsmascope ad ling the reagent The nhite nng at the zone of contact is seen la the 
wider arm. This is an extremely satisfactory method for the oi&ce laboratory 


Boston brings the fluids into contact m a glass pipet which is immersed 
first m the lighter fluid and then (after wiping the outside 0 / the pipet) 
in the heavier (Fig 38) This is convenient for the routine testing of a 
large number of unnes but cannot be recommended for accuracy, owing to 
the small diameter of the column of fluid Substitution of a medicine 
dropper in place of the pipet renders Bostons method more convenient, 
but no more accurate For those who do onl> a little testing the ' lions 
mascope’ (Fig 38) will be found very convenient and saUsfactorj The 
instrument is, however, fragile and somewhat expensive 
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Tin: UBXNZ 


Ihe aibumin tests here given are widely used and can be reepm 
mended for clinicarpurposes They make no distinction _ betwe en 
serum albumin and serum globulin 

Exton’s sulfosaljcylic acid method has proved to be very satisfactory 
To maVe the reagent dissolve 200 Gm sodium sulfate in about 750 c.c of 
uatcr witli the aid of heat, cool, add 50 Gm sulfosahcyhc acid, and dilute 
with water to lOCO c c. The test is performed by mixing equal parts of the 
r* u nne and reagent m a test tube an^ warming gently Boiling i^ ot n^essary 
> or'd csirab'!e* ~A nhi te efoud shows^e presence ot albumm or gl^'ulin TTie 

I i^Tuon IS read nbile the fluid Js wa rm s ince secondary proteo s es. wiU 
' cause ^ clouding when it c ools The Bence fones 'protein " causes 
precipitate ivhTch^ears p ^ISltv or wholly upon boilGg 

2 Roberts’ Test — ^The reagent consists of pure nitnc acid 1 part, 
and saturated aqueous solution of magnesium sulfate 5 parts It is applied 
by the ring” or “contact” method above described 

\Ibumin gives a white ring, which vanes in density with the amount 
present, and when traces only are present may not appear for two or three 
minutes A similar white nag may be produced by Bence-Jones’ protein, 
primary proteose, thymol, and resinous drugs White rings or cloudiness 
ID the unne chcftt the zone of contact may result from excess of urates or 
mucus Colored nogs near the junction of the fluids may be produced by 
iodides, urinary pigments, bile, or mdican, but these ore not so frequent 
as ivith Heller s test 

Roberts' test is one of the best for routine worL, although the various 
rings arc apt to be confusing to the inexpcnenced It is a htUe more sen 
sitive than the widely used Heller’s test, which is performed m exactly 
the same way, using pure concentrated nitnc acid and it has the additional 
advantage that the reagent is not so corrosive If m Heller’s test the nng 
appears only after two minutes the amount of alb umin is less ihan OOOOo 
per cent 

^ 3 Purdy’s Heat Test — ^Tahe a test tube two thirds full of urme, add 
about one sixth its volume of saturated solution of sodium chlonde and 
0 to 10 drops of oO per cent acetic aad Mix, and boil the upper inch, holdmg 
the tube with the Angers near the bottom A white cloud m the heated 
portion shows the presence of albumin A famt cloud is best seen when 
view ed against a black background at a distance of 2 or 3 feet 

This IS a valuable test for rootmc work It is simple, sulBaently accu 
rale for clinical purposes, and has practically no fallaaes Addition of Ifie 
salt solution by raising the specific gravity pmenls precipitalion of mucin 
Bence-Jones’ protein may produce a white cloud, which disappears upon 
boding and reappears upon cooling 

4 Heat and Kitnc Acid Test— This is one of the oldest of the albumin 
tests, and if properly earned out, one of the best Boil about 5 c c of 
flUc.ed unne m a test tube and add 1 to 3 drops of concentrated nitnc ad<L 
The tube may be held with a lest lube damp, or simply with a stnp of 
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muslm or filter paper, the center of Trhidi is folded once around the neck 
of the tube A white doud or fiocculent precipitate (which usually appears 
during the boiling, but if the quantity be very s mall only after addition of 
the aad) denotes the presence of aibumm i^s^a r uh i te p recinLtate. 
ffhichjijsappea rs upon addition of the aod , is due to earthy phosphates 
The aad should'not be added before boiling, and the proper amount should 
alwa>3 be used, otherwise, part of the albumin may fail to be precipitated 
or may be transformed to acid aibumm and redissolved Resmous drugs 
mightgive a white cloud with this test, but this niU disappear upon addition 
of alcohol- A white cloud which appears only af ter c polingjnay he due to 
Bence Jones’ protein or to primary proteose E ffervescence upon addition 
of IhT acidls'' generally due to carbonates from*the foq^ notably lemonadg 
A'deadecr^dvaiitage'of Ibis' t«t is" the fact that it allows a rough esti 
mation of the amount of aibumm from the volume of the sediment after 
standmg overnight Wlien the entire fiuid solidifies the aibumm amounts 
to 2 to 3 per cent Sediments reachmg to one half, one third, one fourth, 
and one tenth the height of the column of unne correspond respectively to 
about 1, 0 S, 0 25, and 0 1 per cent aibumm When there is only a slight 
cloudiness the albumin does not exceed 0 01 per cent 

Scheme for Recording Results of Tests — ^It is customary to record 
qualitative aibumm tests m such a way as to convey a rough idea of the 
quantity of albumin The plan is very useful clinically, but it must be 
rememlKred that other factors than the quantity of albumin — notably the 
salt content of the urue— affect the amount and character of the clouding 
or preapitate Also the interpretation of the terms used niU vary greatly 
with different persons The foUowng scheme is widely used It is given 
both for the heat tests, such as heat and mtne acid, and for contact tests, 
such as Heller’s 


— ^The cloudiness or ring can just be seen, usually best against a black 
background. 

2 Sviall ArMunl— Heat t^t Cloud is distinct and granular without definite fioc* 

cule^ Preapitate settles to about one tenth height of column of unne in twenty 
four hours. Contact lest The nng is dense but not wholly opaque when viewed 
from above Represents about 0 1 per cent of albumin. 

3 Ifoderate Amount — Heat test Cloud is dense with very marked flocculation. 

Contact test The nng is heavy, wholly opaque sometimes curdy RepresenU 
about OJ loO t per cent of alhumia 

4 targe Amount — Heat test Preopiiate is very heavy and curdy and may become 

a soLd mnw Contact test The nng is very dense Represents more than 0.3 
per cent albumin 

The result can be recorded ‘Albumin 1, 2, 3, or 4 '* according to the etimated amount 

of nlhiiTTiin. 

^Quantitative Estimatioii. — Accurate estimation of albumin is sel 
dom necessary m routine clinical work- Ordinarily the information 
obtainable from properly conducted qualitative tests will suffice 
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When more definilc figures are required, the following simple methods 
are available Of these, Exton’s method is by fat the most accurate 


Esbach's Method —The unne must be clear, pf, acid.rea.(U«3fl, and 
not concentrated Aka\s filter before testing, and, if necessary, ad d acet ic 
acid and dilute with ^ratflr, making allowance for the dilution m the final 
wlculation Esbac li’s tu_^(Fig 39) is essentially a lest tube with a mark 
U nea r the middle, a mark R near the t op, and graduations I, 2, 3, etc , 
near the Ijottom Till the tube to the aiark U wa th urme and to the mar ^R 
with the rwgcjok Close with a rubber stopper, invert slowly several Uraes. 
"and set aside m a cool place M the end o^nentyjour hours read off the 
heig ht of th e preci^iaty This gives the amount^f alburn 
in irams Per U kr, and must be divided by^lO to obtain 1)7 
^CTCfiita ge 

Lcnk advises addition of a small quantity of powdered 
charcoal, punuce, or kaolin after adding Esbach’s reagent 
Ihis hastens sedimentation which is complete m ten 
minutes to half an hour Andresen uses 0 I to 0 2 Gm of 
banum sulfate 

\/ Esbachs reagent consists 9 f,.PtCi 7 CJf£id 4 ^L£ra » citnc 
acid . 2 G m , and distilled water, to make 100 c c 

Tsueluya’s Method.— This is earned out in the same 
manner as the Esbach method, using the following reagent 

.•PliospHoiuni^Ucind ISGm. 

/Alcohol (uOprf cent) 95 0c.e 

/Conccnlrat^b^J/ochloitcaoil. 5 0 ** 

The vmne should be diluted to a spcofic gravity not « 
ccedmg 1 OOS The method is said to be much more accurate 
than the original fcsbach method particularly with small 
quantities of albunun 

weier. implied ^ Exton’s QuanutatJve Method —This requires a sul- 
form. fosaIic>Iic acid reagent It is turbidimetnc, and the quantity 

of albumin is read directly by comparison with a set of 
standard tubes representing, 0, 5, 10, 20, 30, 40, 30, 60, 70, SO, 90, and 
too mg protein for eacli lOO cc It may be necessary to dilute urine 
contammg a large amount of albumin so that a comparison can be made 
ftath Uie standard lubes All lubes must be scrupulously clean 

Add 2 or 5 c c of reagent' to an equal amount of urine and allow to 



stand for at least five minutes Warm tlie unne by passing the tube slowly 
through the flame several times, but do not boil Make all suspensions 
homogeneous m the standard tubes by gently inverting 

* Pormvla o/ Rtapn! Dlssctvt 50 Cm. d mttoviliC7\ic sod and 10 Cm of sodium 
iu1/ate in SOO c c d srJlrd vriiier, a {) 25 cc. of 0 iO per cent aqurom Mlution of biom 
pbeool blue ^laLe up to 1 Lier and fdter tlinush aad washed paper 
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(^J^Proteoses— These are intermediate products m the digestion 
of proteins and are frequently, although incorrectly, called albumoscs 
Two groups are generally recognized pnmarv Proteoses, which are 
prenpitalcd upon half satuiab on of t heir solution s 'Rlth ammonium 
sulf'^, and secondary pro leoscs , which are preapi tated only upo n 
^mplcte <^turation 

The proteoses appear in the unne whenever a considerable amount 
of tissue o r eTudate_i s b?ing aulolyzed and absorbed as in febnle 
and ipal ) g nant disease s and chrome sup purat ions, durmg resolution 
of pneumonia and m many oiher^ condi tions, but their chnical sig 
nilicance is indefinite In pregnancy, albumosuna may be due to 
absorption of ammotic fluid and, later, to mvolution of the puerperal 
uterus 

The proteoses are not coagubble by hea t but are precipit ated by such 
substances ns tnf)dnnireiie i^gid 71 tnUfK.tlirybr acid and phosphotungsuc 
aetd. The primary proteoses alone are precipitated by adduig c oncent rate 
mlrc^acid Tins precipitate ^sappears on heating and reappears on cooling 

Tristeoscs may bo detected by aadif>ing Uie urine mtb acetic acid 
boilng fUtcTing while hot to remove muem albumin and globulin, and 
testing the flltraie by the tnchloraccuc acid lest As above indicated the 
Ditnc acid test, and half and complete saturau qn m th qgimonjucn s^If^e, 
mil s eparate the two g roups 

^ Sugars,— Vanous sugars may at times be found m the unne 
D«trose is by far the, most common, and is the only one of much 
dmical uiTportance Lcvulose, lactose and some others are occa 
sionally met. 

J:f) JP.fixtrose (^ Glucose) — Traces of glucose and other sugars too 
small to respond to the ordinary tests arc present in the unne m 
health The presence of glucose m appreciable amount constitutes 
glycosuria or glycurests and is the result of increase of dextrose m the 
blood OiypCfgl>cemia), or of lowered renal threshold for sugar, or 
both ITjcse are chscusacd on page 387 

y T ransilory glycosuna is unimportant is generally slight, and may 
occur m many conditions as after general anesthesia and admmistra 
Uon of certam drugs m some cases of hjr penhyroidism. in pregnancy^ 
and following shock and head mjmnw Recently attention has been 
directed to glycosuna followm g strong emotions (anger fear, anxiety), 
due, according to Cannon to adrcnal_^crcti^ leading to ‘ 

sudden mobilization of dextrose which has been stored as glycogen 
The unne of a considerable percentage of a class of students will gi'C 
positive tests for sugar following a long and bard examination The 
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possibility that a trace of sugar found m a patient’s unne after a 
physical examination may be due to his anxiety, must be kept in mind 
. GlvcQ Suna-jnay_a Iso..q ccur_afteiL.eat mg excess i ve amounts of car bo- 
hydrates (alimentary glvcosuna ^ The “assimilation limit” vanes with 
different mdividuals and with different conditions of exercise It also 
depends upon the kind of carbohydrate The normal for pure dextrose 
IS generally given as about 1(X) to 200 Gm , but more recent work 
has shown that m many mdividuals glycuresis cannot be induced by 
much larger amounts even up to the maximum (400 to 500 Gm ) 
which the stomach will tolerate Glycuresis following inges tion of 
100 Gm or less is definitely abno rma l, i ndicating lowere d renal 
tSrMHbldTdmunkhed capacity of the hv^to store glucose as gl^b^, 
or disturbance of carbohydrate' metabolism Excretion lasts for a 
penod of four or five hours 

V ^Perstsient. although not necessarily contmuous, glycosuna has 
been noted m brain inmnes involving the floor of the fourth_\ eiitncIe 
and m renal glycosuna ^ 187), of which it is the essential symptom 
As a rule, however, persisten t^glycosuna. is dia ^ostic. of. diabetes 
mellitus . and this is by far its most important laHiMtion The amount 
of glucose elimmated m diabetes is usually considerable, and is some 
times very large, reaching 500 Gm_ . or even more, m twenty four 
hours, but it docs not bear any uniform relation to the seventy of the 
disease Glucose may, on the other hand, be almost or entirely absent 
as a result of careful restnction of the diet, and m mild coses it may 
appear only about two or three hours after mgestion of considerable 
quantities of carbohydrate Diabetes is discussed more fully on 
page 187 

Detection of Dextrose. — ^Albunun, if present m any considerable 
quantity, mterferes with precipitation of copper m the copper tests, 
and should be removed by aadifymg with acetic aad, boihng, and 
filtering 

-''l^enedict’s Test — ^The reagent will detect 0 IS to 0 2 per cent of 
dextrose and is thus several times as sensitive as Haines’ or Fehlings 
solutions. I t IS pot reduced by unc ^d, creatinin e, c hbroform , or the 
aldeh ydes irconsists of 

Copper sulfate fpure ciystalliied) 17 3 Cm. 

Sod urn or potass um atrate 173 0 ‘ 

Sodium carKjnale fcryslallited) 200 0 ** 

for too Cm of anhydrous sodium caibooate) 

Distilled water, to make. 1000 0 c.c. 

Dissolve the atrate and carbonate in 700 c c. of water, with the aid of 
heat, and filter Dissolve the copper sulfate m 100 c.c of water and pour 
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slowly into the first solution, stimng constantly Cool, and mahe up to 1 
Uler The icagcnl keeps mdtfiailely ca nnol b£_u scd for__Quan litalnt 

y Take about 5 c c of this reagcp^lD ^ tube, heat to boilin g to make 

■^siire that none of the copper is prtapitalcd by heat alone, and add 
dro{>s Oioi niorej Heat to ngorous boiling, keep at this tem 

peiaTure for one or two minutes, and allow to-Cool.s lo^vlV In the presence 
of glucose the entire body of the solution will be filled with a precipitate, 
which may be red, yellow, or grecn_m color \\Tien traces only of glucose 
are present, less than 0 3 per cent, the preapitale may appear only upon 
cooling In the absence of glucose the solution remains clear or shows only 
a faint blutih precipitate, due to urates. The long boding is inconvenient, 
especially when there is much bumping m the tube It will therefore gen 
erally be found more satisfactory, particularly when a large number of 
unnes must be tested to place the tubes m a beaker of water which is kept 
at the boiling point for five minutes 

2 Hames’ Test. — Take about 4 cc of Hames’ solution in a test tube, 
bod, esammo caitiwlly for a ptecipitave, and, vf nowe vs ptesent, add 6 or S 
drops of unne while keeping the reagent hot but not boiling A yellow or 
red precipitate, which settles readily to the bottom, shows the presence of 
sugar Neither precipitation of pbt&pbatcs, as a light, fiocculent sediment, 
nor simple dccolonzaiioo of the reagent should be mistaken for a positive 
reaction 

This is one of the best of the copper tests al) of which depend upon 
the fact that 10 strongly alkaline soluuons glucose reduces cupnc hydrate 
to cuprous hydrate fyellow) or cuprous o«de (red) They are somewhat 
inaccurate because they make no distmcUon between glucose and less 
common forms of sugar because certain norrnal substances when present 
in excess, especially mucin unc aad, and creatinine, may reduce copper, 
and because many drugs — for example, chloral, chloroform, copaiba, 
acetaniljd, benzoic acid, morphine sulfonal salicylates, aspmn — arc 
eliminated as copper reducing substances To minimize these fallacies 
dtluU Die unne, tj U be coiieaitratcd, do no! add more than the specified amounl 
of urine, and do not boil after the urine ts added If chloroform has been used 
as a preservative, it should be removed by boihng the unne before making 
the test 

IJatnes’ solution is prepared as follows Completely dissolve 2 Gnu pure 
copper sulfate m 16 c c distilled water, and add 16 cc pure glycerin, mix 
thoroughly, and add 156 c c of 5 per cent potassium hydroxide Thesolution 
keeps well 

y 3 FetUing’s Test — Two solutions are required — one containing 34 64 
Cm pure crystalline copper sulfate m 500 cc distilled water, the other, 
173 Cm Rochelle salt and 100 Gnu potassium hydroxide la 500 cx. dis 
tilled water Mu equal parts of the two solutions m a test tube, dilute with 
3 or 4 volumes of water, and bod Add the unne a little at a time, heating 
but not boding, between additions. In the presence of dextrose a heavy r«l 
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or >eIlow precipitate will appear. The quantity of urine should not exceed 
that of the reagent The fallacies mentioned under Haines’ test apply 
equally to this. 

4. Phenylhydraaine Test — Kaaarsky's Method — The following direc- 
tions include certain modifications whic^ have been worked out by C. S. 
Bluemel at Boulder, Colorado: In a wide test tube take 5 drops pure phenyl- 
hydrazine, 10 drops glacial acetic acid, and 1 c.c. saturated solution of sodium 
chloride. A curdy mass results. Add 3 or 4 ex. of the urine and 4 or 5 c c. of 
water. Boil vigorously for two or three minutes. The annoying bumping 
can be reduced or obviated by shaking contintiaUy or, much better, by plac- 
ing in the test tube a number of pieces of glass tubing, varying in length 
from Ij to 3 inches, so as to produce an organ-pipe effect. The volume of 
ffuid remaining after boiling should be 2 to 3 c.c. Set aside to cool or, if the 



Fig 40 — Ciystals of phcaylglucosazooe (>dlow) from diabeUc unae — KowarsL.y s test 
(XSOO). 

glass tubes were used, pour the ffuid into another hot test tube and allow 
to cool. Examine the sediment with the microscope, using a 16-mm objec- 
tive. If dextrose be present, characteristic crystals of phenylglucosazone 
will be seen. These are yellow, needle-hke crystals arranged mostly in 
clusters or in sheaves (Fig. 40). When traces only of glucose are present 
the crystals may not appear for one-half hour or more. The best crystals 
are obtained when the fluid is cooled very slowly and is not agitated during 
cooling. The test tubes and pieces of tubing can be cleaned when necessary 
by boilmg in a solution of caustic soda or acetic acid. 

This is an excellent test for clinical work. Bluemel finds that when 
applied as above directed, vrith the tubmg to prevent bumping, it will 
readily detect 0 025 per cent of dextrose in urine, the crystals appearing 
in three to four hours. The test has practically no falJaaes except the 
reaction caused by levulose, w'bich is a fallacy for all the ordmary tests. 
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Other carbohydrates whicli are capable o£ forming crystals witli phenylhy 
drazine are extremely unlikely to do so when the lest is applied directly to 
the urine E\en if not used routinely, this test should always be resorted 
to when the copper tests gn e a posiU\c reaction in doubtful cases 

5 Fermentation Test — This is simple and reliable, but owing to the 
lime requu-ed it is not much us<^ in routine work, except as an aid in 
distinguishing dextrose from other forms o! sugar It is earned out in the 
same manner as the quantitalue test (p 102) Improvised devices which 
answer well for the purpose axe shown in Fig 41 If the fermenting urine 
be placed in the incubator at 40® to 45® C the result should be definite 
witliin an hour or two and it can be still further hastened by mcreasmg the 
miount of jeast 



Fig 41 —Simple devices for IcnDcolslioD test for dextrose 


Scheme for Recordmg Results of Tests — Unless a quantitative estima 
Uon IS made sugar is gcncraUy reported simply as “present'* or “absent ” 
If it be desired, when recording a positive qualitative lest, to convey some 
notion of the quantity of sugar present, the following scheme is suggested 
when Benedict’s solution is emplc^ed 

t S T sivtfeJ lr«t Ttd'ocUOb » mdeot dunriB two namtln? henlmg •kwSi & « 

10 drops of untie, but it sppeau upon cooling 

2 Irene. W iib S drops of unne ihereacUoo occurs after about one nuoute s bodies 

3 M A , fnodrrole amounl With 8 or 10 drops of uii&e the lexcuou occurs after tea ^ 

fiitren seconds boiling 

4 L A ,lcT ft ameuni fteduruon occurs almost unmedlately after adding 2 drops <d 

unse to the boding resgent- 

Owing to the many vnnable factors, it is impossible to set down with 
any degree of accuracy the percentages of dextrose covered by the four terms 
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Quantitative Estimation. — In quantitative Tvork Fehlings solu 
tion, for so many years the standard, has been largely displaced by 
Benedict’s quantitative solution, which appears to be more exact and 
more satisfactory than any other titration method available for sugar 
work The older method is still preferred by some and both are there 
fore given 

Should the urme contam much gluco^, it must be diluted before 
makmg any quantitati\e test, allowance bemg made for the dilution 
m the subsequent calculation Albiunm, if present, must be removed 
aadifymg a considerable quantity of urme with acetic aad, boding, 
and filtenng Any water lost during the boding should be replaced 
before filtenng 

A rough but sometimes useful approximation of the amoimt of 
sugar in the unne of a diabetic patient can be made by estimating 
the total sohds (p 72), subtracting what may be regarded as normal 
for the mdividual, and regarding the remamder as sugar 




Benedict’s Method — The foUowmg modification of his copper 
solution bas been offered by B^edict for quantitative estim ations 
The reagent consists of 


Copper sulfate (pure ciyiUUiz«d} 18 0 Cm 

So^um raibonate (uy<tali«zed) 200 0 

(or 100 Cm of acLh>draus sodium carbonate) 

So^um or potassium atrate CP 200 0 

Potassium suUocyatiate CP 125 0 

Potass um ferrocyanide solution (5 pet cent) 5 0 c c. 

Distilled water to make 1000 0 


With the aid of heat dissolve the carbonate citrate, and sulfocyanate 
m about 700 c c of the water and filter Dissolve the copper m 100 c c 
of water and pour slowly mto the other ffuid sUmng constantly Add the 
{erroc>amde solution, cool, and dilute to 1000 c c Only the copper sulfate 
need be accurately neighed This solution is of such strength that, 25 c c 
are reduced by 0 Oo Gm glucose It keeps well 

To make a sugar estimation take 25 c c of the reagent m a small ffask 
add 10 to 20 Gm of sodium carbonate crystals (or one half this we ght of 
anb>drous sodium carbonate) and a small quantity of powdered pumice 
stone or talcum Heat to boiling and add the urme a little at a time, but 
fairly rapidly from a buret until a chalk while preapitate forms and the 
blue color of the reagent begins to fade After this point is reached, add the 
urme a drop at a time until the last trace of blue just disappears This 
end point is easily recognized During the whole of the titration the mixture 
must be kept vigorously boiling Loss by evaporation must be made up by 
adding water Note the quantity of urme required to discharge the blue 
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colorj this contains exactly 0 05 Gm dextrose, and the percentage is easily 
calculated . 

Benedict’s solution may be employed in the simplified method giv’en 
for Fehlmg's solution below by usmg 25 cc of Benedict’s quantitative 
solution, without addition of water, i Gm of anhydrous sodium carbonate, 
and a small piece of cotton to prevent bumping dunng the boiling 

2 FehUng’B Method — Take 10 c c of Tebling s solution (made by 
mixing 5 c c each of the copper and alkabnc solutions described on p 98) 
in a flask or beaker, add 3 or 4 volumes of water, bod, and add the unne 
very slowly from a buret upol the solution is completely decolorized, 
heating but not boiling after each addition 

Fehlmg’s solution is of such strength tliat the copper m 10 cc will be 
reduced by exactly 0 05 Gm of dextrose Therefore, the amount of unne 
required to decolorize the test solution contains just 0 Oa Gm dextrose, and 
the percentage is easily calculated 

The chief objection to tchhngs method is the difficulty of determining 
the end point The use of an ‘ outside indicator,” however, obviates this 
When reduction is thought to be complete, a few drops of the solution are 
filtered through a finegrained filler paper on to a porcelain plate quickly 
acidified with acetic acid, and mixed with a drop of 10 per cent potassium 
ferrocjanide Immediate appearance of a reddish brown color shows the 
presence of unreduced copper 

A somewhat simpler application of this metliod, which is accurate 
enough for most clinical purposes, is as follows Take t cc of Fehlings 
solution m a large test tube, dilute with about 5 cc of water, heat to 
boiling, and, while keeping the solution hot but not boiUng, add the unne, 
drop by drop from a medicine dropper until the blue color is entirely gone 
Toward the end add the drops very slowly, not more than 4 or S a minute 
Divide 10 by the number of drops required to discharge the blue color, the 
quotient wiU be the percentage of glucose If 20 drops were required, the 
percentage would be 10 — 20 = 0 5 per cent It is imperative that the drops 
be of such size that 20 of them wvll make 1 cc Test the dropper with 
unne, not water, and hold it always at the angle which will give the nght 
sized drop If the drops arc too large, draw out the Up of the dropper, if 
too small, cut off the tip The method is, of course, more rehable if an 
accurate 1 c c. pipet, graduated m tenths, be used In this case the calcu 
lation consists m dividing 5 by the number of tenths of a cubic centimeter 
of unne required 

3 Fermentation Method — ^This is convement and satisfactory, its chief 
disadvantagg. being the time required It depends upon the fact that glucose 
w fermenled'by yeast with evolution of COj The amount of gas evolved is 
in index of the amount of glucose No preservaUve must have been added 
to the unne Emhom’s sacchanmeler is the simplest apparatus available 
(Fig 42) The unne must be so diluted as to contam not more than 1 per 
cent of glucose A fragment of fresh yeast-cake about tlie size of a pea is 
mixed vnth a definite quantity of the unne measured m the tube which 
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accompa/tics the apparatus The exact amounts 0 / yeast and unne are 
imimportant It should form an emulsion free from lumps or air bubbles 
A pinch of tartanc acid may be added to prevent bacterial fermentation 
The long arm of the apparatus and about half the bulb are then filled with 
the mixture, all bubbles bemg carefully discharged by Upping the instrument 
\v*ith the thumb over tlie opemng, and the instrument is stood m a warm 
place, preferably an incubator At the end of fifteen to twenty four hours 
at room temperature, or about three hours in an incubator, fermentaUon 
will be complete, and the percentage of glucose can be read ofi upon the 
side of the tube. The result must then be muluphed by the degree of dilution 
Since ^-east itself sonseumes gives off gas, a control test must be earned out 
with normal unne and the amount of gas evolved must be subtracted from 
that of the test A control should also be made with a known glucose soIuUon 
to make sure that the^east is acUve It has been shown tbatyeast can spht 



Fig 42 — Embom fenneotauon sacebanmeter 

oil carbon dioxide from amino-acids, so that the results with the fermentaUon 
method may sometimes be a htUe high 

The method is not applicable to unne which is undergoing ammomacal 
fermentaUon 

Levulosci or fruit sugar, is seldom present m urme except m 
aasoaation with dextrose, and has about same significance Ac 
cording to von Noorden, its^ap pear ance m diabetes indicates an 
advanced case Its name is denv^ from the fact that it rotates 
polarized light to the left 

Deteebon of Levulose. — Levmlose responds to all the tests above 
given for dextrose It may be distinguished from dextrose by the 
following 

/l^rchardt’s Test — Mix about 5 c c. each of th e unne a nd 25 per cent 
hydrocblonc aad (concentrated HCl, 2 parts, water, 1 part) m a test tube 
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and add a few crystals of r e^rctnol Heat to boihng and boil for not more 
tTinn one ball tninute In the presence of levulose a red color appear s Cool 
m running water, pour into a beaker, and render sbghUy alkaline vnth solid 
sodium or potassium hydroxide Return to the test tube, add 2 or 3 c c q( 
acetic ether, and shake If levulose be present, the ether will be colored 
yellow A similar yellow color will follow administration of rhubarb and 
senna 

If indican be present the lest must be modified as follows Perfoim 
Oberma)ers test and extract the indican with chloroform Reduce the 
aadity of the indican free unne by adding one third its volume of water, 
add a few crjstals of resorcinol and proceed with Borchardt s test. 

Quantitative Estimation of Levulose —The methods are the same 
as for dextrose (p 101), 25 cc of Benedict’s quantitative solution 
are reduced by 0 053 Gm levulose 

(3) Lactosci or imltf sugar, is sometimes present m the unne of 

nursin g wom en and m that of women who have recently miscamcd 
It IS of interest chieQy because it may be mistaken for glucose I( ts 
not by^easl but reduces copper, Gm , being equivalent 

to 25 cc of Benedicts quantitatise solution In strong solution it 
can form crystals with phenylhydrazine, but is extremely unlikely to 
do so when the test is applied directly to the urine 

Rubner s Test— To about 10 c c of the unne add 2 or 3 Gm of lead 
acetate, shake well and filter into a test tube Boil the filtrate add 1 or 2 
c c strong ammonia and heat again If lactose be present, the solution 
turns bnek red and a red preapitaic will separate The preapitate is the 
entenon Glucose gives a red solution with yellow preapitate 

(4) Maltose and cane sugar are of little or no climcal im portance 
Maltose has been found along with dextrose in diabetes It reduces 
copper, 0 074 Gm being equivalent to 25 c c of Benedict s solution 
Cane sugar (sucrose) is sometimes added to the urme by malingering 
patients It does not reduce copper, and hence when it has been 
added passes unrecognized by the physiaan who uses the copper tests 
only Both sugars are fermentable by yeast 

Pentoses — These sugars are so named because the molecule 
contains 5 atoms of carbon Vegetable gums form their chief source 
They reduce copper strongly but slowly, and give crystals with 
phenylhydrazme, but do not ferment with yeast 

Pentosuna js uncommon It has been noted after ingestion of 
large quantities of pentose ndi substances, such as chemes, plums, 
and fruit juices, and is said to be fairly constant m 
morphine It sometimes accompames glycosuna m diabetes An 
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obscure chronic form of pentosuna without ciinic.al symptoms has 
been observed most aimmonly m the Hebrew race The pentose ex- 
creted m these cases is beheved to be optically mactive arabmose, 
although nbose may be present m some cases at least 

Bial’s Orcmol Test — Dextrose is first removed by fermentation About 
5 c c of Bial s reagent is heated m a test tube, and after removing from 
the flame the unne is added drop by drop, not exceedmg 20 drops m all 
The appearance of a green color denotes pentose 
The reagent consists of 

Hydrochloric aad (30 per cent) 500 cc. 

Feme chloride aoiuboa (10 per cent) 25 drops 

^ OraooL 1 Cm. 

Acetone Bo d les —This is a group of closely related sub- 
stances — ac etone. dia «tic acid, an d beta-oxvbutvnc acid— whose chief 
source iTm faulty '^tabblism of fat s whereby the fatty, a ads fad to 
. c ompletely oxidized The underlymg cause of this f^ure is not 
aecessanly always the same, hut is most frequently assoaated with 
defect iv e carbohydrate metabolism Nor^U^, the met abolism of the 
car&ohydrates furnishes the oxyg en whi ch » utilized for oxidation or 
'*b'u mmg * of the fats of tody, hence it is said th at “t he fats bum 
L n*the fla me of the i ^rljohyd rates ’ The amount of fat which can be 
completely oxidized bears a deflmte ratio to the amount of carbo- 
hydrate burned ^Vhen the supply of carbohydrates is defiaent, as 
m starvation, or when their metabolism is defective, as in diabetes 
melhtus, there is msufEaent oxygen available to properly bum the 
fats, and “the fire smokes The result is an exc essive prod uction of 
the acetone bodies_whi^ a re the presets of mcomplete com 
bustion Formerly beta-oxybut>nc aad was held to be the mother 
substance, but it is now beheved tha t diacetic aad is fi rst formed and 
that the others are demed from it 

To what extent these substances are toxic is imsettled, but it is 
Qju/A dsax tbaA. •at 

^thin the body leads, by virtue oflfieir aad nature,’ to" the "condition 
known as aad intoxication Since a<xtone bodies are ^etpnes . this 
form of.a adosis is sometimes given a speaal nam e — kdosts The 
existence of this condition or, rather, the tendency towar3Tt7*smce^ 
there may be moder ate acetonuna wi thout deflmte aados is, is shown 
by_t he.presence of acetone. bocB^ m the unne When the condition is 
V e rv mild , ac etone occ urs alone, as it growrinore marked, _^acetm 
aa d. and beta- o xybutync aoH are fonn H ■ 

/<>^Ketoge mc D iet. — Gradual limitation of carbohydrates a nd increase 



d fats h ave been advocaid by Wilder^ and others* * for the treat 
inent of epilepsy "^is diet has also been tried in the treatment of 
other conditions, and has been employed with some success m the 
treatment of unnary infections, eqiecially those which are the result 
of Escherichia coli Fuller* has demonstrated that beta oxybutync acid 
IS the pnnapal ketone body which is present in the urme after the 
admmistration of a ketogenic diet For efficacy as an antiseptic, the 
unn§-must become aad and must ha\c a pH of 5 3 to 4 6 
V (1) Acetone — hlinute traces, too small for the ordinary tests, may 
be present m the unne under normal conditions Larger amo unts .arc 
not uncommon whe n the int ake of car bohydrate is limited , and in 
fevers, gastro intestinal disturbances, and certam nervous disorders 
A notable degree o f acetonu na has likewise been observed m cachectic 
conditions, m pernicious vomiting;} of pregnanc y, m eclampsia, and in 
the senous and often fatal toxic ^ndiUon which is now recognized as 
a not infrequent late efTcc t^f^ap csth esia, particularly of chloroform 
anesthesia This '^sUnesthetic toxemia seems to be more likely to 
appear and to be more severe when the urine contains any notable 
amount of acetone befoie operation, which suggests the importance 
of routine testing for acetone m surgical cases It is not to be assumed 
that all of the toxic ounditions enumerated are primarily acid mtoxi 
cations nor that the symptoms are necessarily due to aadosis It is 
more likely that the acetone bodies are formed secondarily as a result 
of the action of other toxic substances Indeed, m many cases there 
may be little or no aadosis as measured by blood tests 

Acetonuna finds its_chief clinical importance in connecti on wit h 
ix^iabctes ^mcllitu s It occurTiiUcrmittcnlly in'^some mild cases, fairly 
re^Iarly in most advanced cases, although much depends upon the 
diet, and is always present m severe cases Tests for acetone are 
Mly a3irnpQjlabO'.£t?sts tor s ut ^ m d iabetes A progrSsive^ncrea« 
— as measured by the stren gth o f.qualitatLve_tests — is_a grave prog. 
nostic sign, sjnee aadosis due to the aaitone, bo dies i s prob^bly__the 
chief ^use of th e drea ded diabetic coma Acetonuna can be dimnushgd 
lempqranTy by morejifietali allowance of^carbohydratgs m the diet 

Acetonuna from any cause is apt to be especially marked in 

* Wilder, R \f The ClTect at Kcloneinu on the Course of Epilepsy, Dull. Mayo 
OiBic 2 No 30T <July 27) 1921 

•Helmholz It F., and Keilh If M Ten Years' Experience in Ihe Treatment of 
Epilepsy viilbKelogenic Del, Arch Neurol and rsychiat 29 ROS-812 (Apnl), 1933 

* Clark, A L. The Kelogeojc Diet lo the Tieatmeat of Unnary lofecUons, Jour 
Urol J/ 193-2114 (Feb ), 1934 

* FuUtr A T The Keioseote Diet, Natwe ot Bactrnodat Agent, Eanut, J 85S" 
S56 (Apnl 22). 1933 
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children, and this doubtless plays an important part in acute and 
chronic diseases of childhood, espedaliy in those requiring a restricted 
diet. In fact, the urine of a considerable percentage of y.pung.chjldren~ 
shows acetone in apjr edab le q uantities under norma! conditions . 

According to Folin, acetone is usually present in only small 
amounts in the above-mentioned conditions, the substance shown by 
the usual tests, particularly after distillation of the urine, being really 
diacetic acid. In this connection Frommer's test is to be recommended, 
sin<^ it docs not require distillation, and does not react to diacetic 
add unless too great heat is applied. 

Owing to the marked and variable 7’ 

loss of acetone through the lungs a i , 
quantitative estimation is not of much 
value. In a case of dia betes , after th e { 
existence of an acidosis has been estate f 




it is b etter to^r 


of ammonia as a measure of its seventy. 


Th e best m easute_<>f_acidQsis._appltcable 
to all f orms, is. however , tbelde ter- 
minat ion of the.COj combining pp.it.er_of 
ihej3lood.{p. 397). 

v-^^Jetection of Acetone. — ^The urine 
may be tested directly, but it is much 
better t o distil it after adding a little 
phosphoric or hydrochloric add to pre- 
vent foaming, and to test the first few 
cubic centimeters of distillate. A simple 
distilling apparatus is shown in Fig. 43. 



“ , . ^ ^ K 43 . — \ simple distilling ap- 

vent foaming, and to test the first few paratus. The longer the delivery 
cubic centimeters of distillate. A simple tube,thebetterwilJthevaporcoa- 
distilling apparatus is shown in Fig. 43. be 

_ o I'l t> fanlitated by uniDcrsing the test 

The test tube may be attached to tube n a glass of cold water, 
the delivery tube by means of a two- 

hole rubber cork as shotvn, the second hole serving as an air vent, 
or, what is much less satisfactory, it may be tied in place with a 
string. Should the vapor not condense ttell, the test tube may be 
immersed in a glass of cold water. If a suffidcntly long deliveiy tube 
be used (2 feet), there will be little difficulty about condensation. 

When diacetic add is_pres ent> a considerabl e pro port i on wi ll be 
c onverted into ace tODe.during.distil| atio n.. 

1. Gunmsg’s Test. — ^To about 5 cjc. of urine or distillate in a test tube 
add 5 drops of strong ammonia, and tben Lugol’s solution in sufficient 
quantity to produce a black doud which does not immediately disappear. 
This doud will gradually dear up and, if acetone be present, iodoform, 
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usually crj'stalUne, will separate ouL The iodoform can be recognued by 
lU odor, espeaally upon heatmg (there is danger of explosion if the muture 
be heated before the black cloud disappears), or by detecuon of the cr>-stals 
microscopically The latter, alone, is dependable, unless one lias an acute 
sense of smell The odor of lodme, which is also present, is often confusing 
Iodoform crystals are yellowish six pointed stars or six sided plates (Fig 44) 
This modification of Lieben $ lest is less sensitive than the original, but 
is sufficient for all rlmical work it has the ad\ outage that alcohol does not 
cause confusion, and espeaally that the sediment of iodoform is practically 
always crystalhne When it is applied directly to the unne, phosphates are 
precipitated and may form large, feathery, star shaped crystals which arc 
confusing to the inexperienced (Fig 53) Albumin prevents formation of 
the iodoform crystals, and when it is present, tlic unne must be distilled 
for the test 



Fig 44 — lodofono ctyeUls cbuiaed m several tests lor acetone by Gimiuag s method 
(X about 600} 

2 Lange’s Test — This is a modification of the well known Legal test. 
It IS more sensitive and gives a sharper end reaction To a small quantity 
of unne add about one twentieth its volume (1 drop for each cubic cenum 
eter) of glacial acetic acid and a few drops of fresh concentrated aqueous 
solution of sodium mtropnisside, and gently run a little ammoma upon its 
surface If acetone be present, a reddish purple ring will form withm a few 
minutes at the junction of the two fluids. 

similar test, which is preferred by some, is known as Koth er^’s tests* 
To S or 10 c c of unne add about a gram of ammonium sulfate and 2 or 
3 drops of fresh concentrated sodium rutroprusside solution and overlay 
inth strong ammoma A r eddish punile ring. shows the presence of acetone 

3 Ftommet’s Test. — ^This tKt has proved very satisfactory The unne 
need not be distilled Alkahnize about 10 cc. of the unne with 2 or 3 cc. 
of 40 per cent causUc soda solution, add 10 or 12 drops of 10 per cent alco- 
hohe solution of sahcylous acid (sahcyl aldehyde), beat the upper portion to 
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•^i^^Beta-oxytutync acid has much the same significance as 
diacetic acid, but is of^mpre^scnou^iinport It is seldom or nei’er 
present wthout~acctone and diacetic acid which are more easily 
detected 

y 

Test — Rcmoj:c_jtMton^and_diacctic acid b y_dil utmg 20 cc of 
unne with 20 cc of water addingji^few drops of acetic^aad, and boiling 
dow*!! to 10 C.C, To this add l^c of water, mix, and divide between two 
lest tubes To one tube add 1 cc of hydrogen peroxide, wann gently, and 
cmI This transforms beta osjbutync aad_to acetone Now apply Lange s 
test for acetone (p lOS) to each tube A positive reaction m the tube to 
which hydrogen peroxide has been added shows tlie presence of beta 
OX} but}Tic acid m the ongma! sample of unne 
v^sterherg’s^ Test for Beta oxybutync Acid — This simple lest will 
indicate whether the concentration of beta-oxybutync aad m a given 
sample of urine is greater or less than 0 5 per cent 

Reagents — (o) Five per cent solution of sodium nitroprusside, freshJ) 
prepared (J) concentrated ammonium hydroxide 'solution specific gravity 
0 88, (c) indicator, made by adding 2 8 cc of 004 per cent solution of 
btomlhymol blue to 4 c c of 0 W per cent solution of phenol red (Clark 
indicator solutions) , (d) phosphate buffer solution of 8 5 c c of fifteenth 
normal secondary sodium phospliale and c c of fifteenth molar primao 
potassium phosphate solutions (see p 836) 

Method — I Prepare a standard by placing 4 cc of indicator (e) and 
46 c c of buffer solution (d) m a tall Nessler comparison tube 

2 In a similar lube graduated at 50 cc place SOO mg of ammoniuni 
sulfate add 3 drops (Olv cc) of concentrated ammonium hydroxide 
solution (b) then add 2 drops (0 1 c c ) of solution (o) 

3 Add 1 c c of unne 

4 After six mmutes dilute the muture with distilled water to the 50 
cc mark 

5 Compare immediately with the standard (1) If the color is deeper 
than the standard the concentration of bcla-oxybulytic acid is greater 
than 0 5 per cent if the color is lighter, the concentration is less than Oi 
per cent 

" 4 Bile —The pigment of bile has its origin in the never ceasing 
destruction of red blood corpuscles \nthm the body 

The significance of bile m the unne is practically the same as 
that of bile staining of the tissues, known as icteru s ^ jaundic e 
Small amounts of bile may, howcwr, be found uT tEe unne when the 
disturbance is not severe enough to produce recognizable jaundice 

'Oslwberg A. and ItelnboTx n F I)«lerminalion whether Ketonorine ^ 
B*etf riadel Action A Simple Technic for Q nlcaJ Use lour Am Med Assn, 
JR31-1832 0une3) 19M 
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or, m Other cases, before the jaundice supervenes The usual cause 
of icterus is some obstruction to the outfloiv of bde from the hver, 
v?hich may be in the nature of foreign bodies or new growths inside 
or outside of the bile passages, or inflammatory swelling of the walls 
with narrowing of the lumen Jaundu^ may also occur when there 
IS excessive destruction of red blood corpuscles from any cause, 
notably m the disease known as hemolytic jaundice or congenital 
familial icterus This leads to excessive formation of a bile which is 
more inspissated than normal and thus tends to block the bde capd 
lanes The formation of bile m the general circulation m these condi 
tions is also recognized Another, less frequent, cause of jaundice is 
rapid destruction of liver cells, as m acute yellow atrophy and phos- 
phorus poisoning Both bile pigment and bde aads may be found 
They generally occur together, but the pigment is not mfrequently 
present alone 

Of the several pigmen ts bibnibin alone occurs in freshly voided 
unne, the others ( biliye rdm. bihfusan, and so forth) bemg produced 
from this by oxidation as the unne stands The bde acids, which 
occur chiefly as sodium salts, are not often present without the pig 
ments, and are, therefore, seldom tested for clinically Crystals of 
bilirubm (hematoidm ) (Fig 45, 4, p 129) may be deposited m heavdy 
bile cha rged urine 

^Detection of Bde Pigment — ^Bile pigment gives the unne a 
green ish yellow , \ ellow, or brown c olor, which upon shaking is im 
parted to the foam Cells, casts and other structures in the sediment 
may be stamed brown or yellow This, hoivever, should not be ac 
cepted as proving the presence of bde without further tests 

1 Smith’s Test — Overlay the unne with tincture of lodme diluted 
with nine times its volume of alcohol An emerald green nng at the zone 
of contact shows the presence of bde pigments It is convenient to use a 
comc^test glass one side of which is painted white 
■v2^melm’s Test — This consists i d brin ging slightly yellowjut nc aa d 
mto contact with th e unne A pUy of roloia^ of which gre en and viol e t are 
most distinctive, d enot es t he prteepce oflM le pigment Blue and red may' 
be produced by indican and urobihn, violet By iodides Colorless nitnc aad 
will become y^ow upon standing m the sunlight The test may be applied 
m various ways By overIaJ^ng the aad with the unne, by bnngmg a drop 
of each together upon a porcelam plate, by Sltenng the unne through thick 
filter paper, and touching the paper with a drop of the aad, and, probably 
best of all, by preapitating with June water, filtering, and touching the 
preapitate with a drop of the acid In the last method bilirubm is earned 
down as an^soluble calaum compound which concentrates the pigment 
and avoids mterfenng substances 
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^^etection of BDe Adds.- :jlay*s test b simple, sensitive, and 
fairly reliable, and will, therefore, appeal to the practitioner. It 
depends upon the fact that bile adds lower surface tension . Other 
tests require isolation of the adds for any degree of accuracy. Oliver 
has recently shown that with Heller’s test bile adds give a white 
ring^ust above that due to albumin. 

•v-'^ay’s Test. — Upon the surface of the urine, uhtc/i must not be warn, 
^sprinkle a little finely powdered sulfur ( ’Ifiowers of sulfur” ) If it sinks at 
once, bile adds are present to the amount of 0.01 per cent or more, if only 
after gentle agitation, 0 0025 per cent or more. If it remains floatmg, ev’cn 
after gentle shaking, bile acids are absent It is smd that urobilin when 
present in large amount also reduces surface tension. 


v5. Urobilin.— Traces of thisjjigajaU* too small for detection b> 
the ordinary tests, are present under normal conditions. It is now 
regarded as identical wth hydrobillru bin, the prindpal coloring 
matter of the fe ces. It is excreted as a ^roraogw, uroh linoRtn , 
^ch ts’cSangedJnto uxobiUn^through the acUon onig^_witbin a 
flrTHb u re after t he u ye is voided . A great excess gives the urine 
a dark brown color suggesting the presence of bile, but does sot 
color the foam so deeply as does bile. Small amounts cause no per* 
ceptible change in color. 

The mode of formation of urobilin is not yet dearly understood 
According to the generally awpted view it is a decomposition prod- 
uct of bilirubin, formed diieSyJn the intestme through the action of 
bacteria Upon the other band, the formation of small amounts .in 
the liver itself under certain conditions cannot be demeHTUrobilinogM 
is^st formed, l^dcr normal conditions a portion of t his irabsorbed 
fr om the intestine , carried t o tfiiltver in the portal blood, and there 
recon^r ted m^ bilirubin. Wh en the liver cells are deranged, this 
transformation into bilirubin d^ not take^place and urobilinogen 
reaches tfie general ^drculation and is excreted b y ^ the kidneys The 
remainder in the intestine, chan^ largely into uxcduliu, passes out 
with^Se feces.~ THe p i gment and the chromogen hav'C exactly the 
same ^gnificance in the urine, and_tte^name "u robili n” is com monl y 
to ^ver both ^ 

Owing to the many unknown factOTS it is impossible to asenbe 
definite clinical significance to urobiliiiuna. Certain statements, how- 
ever, seem justified. Whenever, owing to e xcessi ve 4c5tniction of b lopd 
^ gjrpu sdes. there is excessive forumtion of bilirubin, and hence an 
mcrease of urobilin in the feces, there is also a marked increase in the 
urine. This is especially important in pemi dou s anemia and mala ria 
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\ \Tien not d ue to excessi\’e blood ^destruction, urobilmuna usually 
roints toward~fu nctTQ^ mHpaaty Its recognition is 

\er> simple and has considerable practical usefulness as, for example, 
in the diagnosis of hepatic cirrh osis, m judging the amount of _damag e 
do ne to the li%er parench yma _b3 poisons and the chronic congestion 
^ po orly, c ompen sated heart d isease, and m dillwnt iating anemias 
assoaated wth excessive bipod destruction (for example, pernicio us 
anemia) from those due to other causes (carcinoma, hemorrhage) 
Urobi linuna is fi ^ucnt. in ac ute infectious disuses, espeaally in 
^scarlet fe\’px and pneumonia, and usually means eith er hemolysis or 
d^age^to^the lucr In severe jicphritis urobi lin. _may_ fail _to^ e 
Mcrctcd even ivhen.othcr aunditions favor_its_app^aranc^m the 
unne Itisnearlj or e ntirely a bsent m~obstruc ti>e jaundice 

^o be of value, tests for urobilin <hould be made upon several 
successive dajs because for some unknowoi reason it maj be absent 
for a daj or tvvo, and it is advisable to make a simultaneous study 
of tlie urobilin of the feces 

Ehrlich’s Test for Uroblhoogeo — ^To a few cubic centimeters of the 
unne m a test tube add a few crystals of para*dimeih\l amino-bcnzaldehjde 
Md make definitely acid with h>drochlonc aat) In ll e presence of patho- 
logic amounts of urobilinogen a clie m red co lor appears This is best seen 
b} vnewing the tube from the top over a sheet of white paper Normal 
amounts will cause the red color onl> when Ihe urine is heated 
^ 2 Schlesfnger s Test for I/robilio — To about 10 ce of the unne m a 

" test tube add a few drops of Lugol s solution to transform the chromogen 
into iJie pigment Now add about 10 c c of a saturated alcoholic soluuon 
of anc acetate or zinc chlonde and filter A greenish fluorescence best seen 
when the tube is viewed in bright sunlight against a black background and 
when the light is concentrated upon it v«th a lens shows the presence of 
Urobilin The fluores cnce becomes more marked after an hour or two Bile 
pigment, if present, should be previously removed by adding about one-fifth 
volume of 10 per cent calcium chlonde solution and filtering 

Quantitative Estimation — ^The dmically satisfactory, indirect 
method of Wilbur and Addis which is given in detail on page 477 may 
be applied to the unne as follows 

1 To a 10 c c portion of the mixed twenty four hour unne which has 
been preserved with a crj’Stal of thymol and kept m darkness add 10 c c 
of a saturated alcoholic solution of zinc acetate and filter 

2 To 10 c c of the Citrate (representing 5 c c of urine) add 1 c c of 
Ehrlich s reagent the formula for which is as follow s 

Para 4 methyl attuno-benxaldehyde 10 Gm. 

Coocentnled faydipchlonc acid 7S cc. 


3 Let stand m the dark for one to three hours, not longer 

4 Examine with a small direct vision spectroscope and dilute with tap 
water until absorption bands disappear Calculate the total dilution value 
for the twenty four hour quantity of urine as described for urobilm la 
feces basing the calculalton upon the 5 cc efvrtneused 

Example — If the twenty four hour urine amounts to 1200 cc and it 
IS necessary to dilute the 10 c c filtrate to 50 c c to get nd of the absorption 
bands (supposing that they disappear together), then the combined dilution 
value for urobilin and urobilinogen in the 5 c c of urine would be 10 + 10 
« 20 and the twent> four hour value would be 20 X 240 = 4800 

The Wilbur and Addis units do not represent accurate quanti 
tatne values If a more accurate method is desired the technic 
developed by Watson' should be followed This method depends on 
the reduction of all of the utobilin excreted m a twenty four hour 
sample of unne to urobilinogen with ferrous hydroxide Combining 
the urobilinogen with paradimethyla minobenzaldehyde (Eh rlich s 
rea gent) and a saturated solution of sodium acetate develops a red 
solution which can be compared colonmetncally with a phenol 
sulfonphthalein standard and the amount of urobilinogen m culli 
grams calculated according to Wats on.^ formula 

T he no rmal adul^excretes from 0 to 4 mg of jrobihnogen daily 
in urine r i^iffuse hepatic "disease there is usually a marked increase 
of urobilinogen in the urine In comp lete obstruction to the out flow 
of bde. there is a slight trace or no traw of iTrobihnogen in^KTunnc 
v-j? 0 nemogiobiti — iHe "^sence in the urme of hemoglobin or 
pigments directly derived from it accompanied by few if any, red 
corpuscles constitutes hemodobtmmn It is a comparativ ely rare con 
dition, and must be distinguished from hemoUma . or blood m the 
unne which is common In both conditions chemical tests will show 
hemoglobin but m^he latter t he microscope will reveal the presence 
of red corpuscles Unnes which contain notable amounts of hemo 
gi^ln^have a reddish or brown color, and may deposit a sediment of 
brown, granular pigment 

Hemoglpbinuna occure when there is sudi extcnsiv’e destruction 
of red b lood c ells within the _b ody that the liver^nnot transform 
all the hemoglobin set free into bile pigment The most important 

* Watson C J ^turtles of Urob I wogen I An Improved Method for the Quant tt 
live Estimation of Urob 1 nogen ut Urine and Peces Am. Tour Qin lath 
(Sept) 1036 

IT Urob 1 nogen in the Unne and Peces of Subjects Without Evidence of Dire* ** 
of the I iver or Bil ery Tract Arch Ini Med 59 196-20a (Peb ) 1937 

111 The Per Diem Evcretion rf Urotnbnogen in the Common Porms ol JaundJ® 
and Disease of the Liver Arch. Int. Med 59 206-231 (Peb) 1937 
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examples are seen following extensive burns , m poisoning as by mush 
rooms and potassium chlorate , in rnahgnant malana_(bla cL water 
Jeyer), a nd in the obscure condition known as “p^iysmal hemo 
globinuna ” This last is characterized by the appearance of large 
quantities of hemoglobin at intervals, usually followng exposure to 
cold, the unne remaining free from hemoglobin between the attacks 
See page 754 for the Donath Landstemer test for autohemolysins m 
the serum of a patient who has paro^smal hemoglobinuria Another 
form of paroi^smal hemoglobinuna is nocturnal hemoglobinuria, and 
this IS accompanied by hemolytic anemia (See the discussion of this 
disease, which is known as RIarchiafava Micheli syndrome, on page 
315) 

JDetection — ^Teichmann’s test may be applied to the preapitate 
after boiling and tiltermg, but this is not very satisfactory, and the 
guaiac or benzidin e, test will be found more convenient m routine 
work For further discussion of blood tests, including spectroscopic 
methods, see page 353 

v6uaiac Test — Mix a few cubic centimeters each of "ozonized ’ turpen 
tine and a fresh 1 60 alcoholic solution of gum guaiac The guaiac solution 
may be freshly prepared by dissolving a pocket knife pointful of powdered 
guaiac in 4 or 5 c c of alcohol Make the unne strongly acid with acetic 
acid, and carry out the test by the ‘ nng ’ or ‘ contact ’ method desenbed 
on page 90 A bright blue nng will appear at the zone of contact wnthm a 
few minutes if hemoglobin be present m considerable amount a green ring 
if traces only are present It may be difficult to get a sharp line of contact, 
but this IS no hindrance since the test is nearl) as sharp when the fluids 
are mixed The guaiac should be kept in an amber-colored bottle Fresh 
turpentine can be "ozonized" by allowing it to stand a few dajs in an open 
vessel in the sunlight Instea d of tur pentine, hydrogen peroxide may be iwed 

This test IS very senHfive and a ncgad\’e result proves the absence of 
hemoglobin Positive results are not conclusive, because numerous other 
substances — few of them likely to be found in the urme — may produce the 
blue color That most ULel) to cause confusion is pus, but the blue color 
produced by it will appear equally well if the turpentine be omitted, and 
does not appear if the unne be previously boiled The thm film of copper 
often left in a lest tube after testing for sugar may give the reaction, as 
may also the fumes from an open bottle of bromine Bromides and iodides 
bkewise give the reaction Most sources of error can be avoided by extracting 
the bemoglobm with ether as described on page 353 
,_^^Benzidine Test — ^The reagents employed are Mdrogen peroxide a nd 
a satura te d solution of benzidin e in g lacial acetic aad T he benzidin e 
l abel^ ^or blo od tests^^bould be empId;^cf~The reagents are mixed m 
^ual parts and a few cubic^ntimetSs are added to a like amount of the 
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uime A blue color ap pears va the pres ence o f hcmoglobm The test has the 
same fallaaes as tbe guaacTest but is morc~sensitive and in general more 
satislactory 

The benaidine test may be simplified by use of the tablets devised by 
Roberts and put upon the market by the firm of E R Squibb & Sons 
These contam benzidine and sodium perborate A tablet is thoroughly 
moistened with the fluid to be tested and vs then touched with a drop of 
glacial acetic acid the appearance of a blue color indicalmg blood The 
test IS less delicate than those given above 

Spectroscopic Method — ^This is discussed on page 355 It is more 
reliable tluia the preceding tests but less setwitive Render the unae slightly 
acid d lute if very highly colored and examme with a small direct ns oa 
spectroscope The usual bands seen ace those of oxyhemoglobin or methera 
oglohm 

To detect traces of blood with the spectroscope proceed as desenbed in 
Section 2 on page 355 This method will easily detect 2 drops of blood in 
8 ounces of urme 

Hemosiderin — This is a dark ye llow pigment which contains, 
iron It may be deposited in the tissues of the body as a result of 
destruction of the blood which occurs m such conditions.a8 txmiciou s 
anemia. In hemochroma tosis and siderosis of th eJvjdney. cells 
cont ain this p i gment ma y be cacrcted vn the u nne. free granules 
ofjiem^side rin may ^sq be excreted Rous* has desaibed a simple 
test for the^etecUon of hemosiderin vn unne the technic is as follows 
C entnfugalue a fre sh sample ofjinne jn, the usual manner Pour off 
the supematantjinnejind examine a portion of the sediment with a 
microscope search for brown_£ranules espcaally jMtbm_tbe_cells 
SuspenS the rest of the sediment in a fresh mixture of 5 c c of a ^ 
per cent solution of potassium ferrocyanide and 5 c c of a 1 per 
cent solution of hydrochloric aad Allow to stand for ten minutes 
then centrifugalize and examine the sediment with the microscope 
A cover glass should be placed over the preparation Granules ol 
hemosiderm appear blue in this preparation 

t^^Porphyrins — Porphyrins are substituted tetrapyrril methenes 
In small quantities some of t hese pi gme nts may be found m normal 
urine Unne containing large amounts o f porphyr in may .be dark red 
or a port wme color In climcal conditions in which p.orghyrmurja 
may be suspected and in which the freshly passed urine is light colored 
d'itkenin.g_of_thejuring_gn_st andu t g (or tw enty four. hQurs..or more 
suggests t he a dvisability of a n ime stigation fpc-these substances 
* Rous Peyton Urujary SIdeios » Hemondenn Granules in the Urine as an Osd ta 
the Diagnosu of Pemldou* Anemia Hemochromatosis and Other Diseases CausInS 
S derosis of the Kidney Jour Exper Med. ^ 6t5-658 (Nov ) 1918 
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For a discussion of porphyrins in relation to disease, the reader should 
consult the references to the rvork of Watson’ or Dobnner and 
Rhoads ’ 

Porphyrins have been studied in the unne and feces in febnle 
conditions liN’er disease, hemolytic diseases of the blood, deficiency 
diseases, diseases of the skin and m toxic states due to various drugs 
or poisons Cont entlal , i>orbh\n a. a rare disease, is usually found in 
y oung males There is a marked sensitiveness of the skin to sunbght 
AniU^orph yrta occurs more often m adult females with unexplained 
abdominal pain, flaccid paralysis or other nervous manifestations ’ 
There is usually httle photosensitivity of the skin 

If the unne is a dark color and other symptoms suggest porphyna, 
a sample of urine should be extracted mth ether and acetic aad To 
25 c c of unne m a separatory funnel add 10 c c of glacial acetic 
aad Extract this mixture twice with 50 c c portions of ether and 
combine the extracts Wash the combined extracts with 10 cc of 5 
per cent hydrochlonc aad Examine the washings under ultraviolet 
light If there is a strong red fluorescence, a large amount of c^p ro- 
porph} ^n_is present and is suggests e of porphyria Examine the 
urine' residue after ether extraction under ultraviolet light A dis 
ccmible red fluorescence is evidence o f_uroporph ynn This should be 
confirmed spectroscopically Usually, the unne will show 2 absorp* 
tion bands, characteristic of the zinc complex of uroporphyrin These 
bands ate very similar m their location to those of oxyhemoglobin 
Add 1 to 2 c c of concentrated hydrochloric aad to S c c of the unne 
residue This decomposes the zme complex and the three bands of 
uroporphynn can be recognized (Tig 185, page 359) If porphyrins 
are present, separation and identification must be carried out by 
means of special methods Rorph)mns are identified by the strength 
of hydrochloric acid in which they may be extracted, by the char 
actenstic absorption bands (Fig 185, page 359) or by the crystal 
forms and the melting points of the methyl esters * 

Watson and Schwartz® found that m acute idiopathic jioiphyna, 
e\en though the freshly voided urme is normal in color, a simple 

* Watson C J The porphyrins and thor rdation to d soase porphyna. Oxford 
Medlnne, VoL 4 Part 2 Chapter 9A, pp 228 (1-34) 

* Dobnner Konrad and Rhoads C F The porphynns m health and d sease. Physio- 
logical Reviews. 20 416-468 Quly) 1940 

'Nesbitt Samuel and Watkins, C H Acute porpbyna Am J Med Sa 203 
83 (Jan) 1942 

' Dobnner, Konrad Unnaiy porphynns in disease Jour BioL Chem , J13 1-10 
(Feb) 1936 

* Watson, C J and Schwartz Samnd A simple test for unnary porphobibnogen 
Pfoc Soc Exp Biol and Med.. ^393-394 (June) 1941 



test for porphobilinogen is useful The demonstration of a chloroform 
insoluble compound with Ehrlich s aldehyde reagent is pathognomonic 
for this disease htix m a test tube equal parts of unne and Ehrlich’s 
reagent * Add an equal volume of saturated solution of sodium acetate 
Add a few cubic centimeters of ddoroform and mix thoroughly The 
aldehjde compound of urobilinogen will be earned down by the 
chloroform, while that of porphobilinogen, insoluble m cUoroform, 
will ^emam m the supernatant solution, colonng it red 
vs?? Alkapton Bodies — The name "alkaptonuria has been given 
to a condition m which the ujine turn s reddish br oivn to brownish 
black upon standing a nd strongly reduces copper (but not bismuth), 
owing to the presence of certain sub stances wh ich rcsult^from imper 
fcct-protc m .metabo lism The chief of these is tmm ogentisic a cid 
The chang^f co lor t akes place quickly when fresh urme is alkahnued, 
hence the name alkapioit hoiies 

Alkaptonurials unaccompanied by other symptoms, and has little 
clinical importance Only a few cases, mostly congenital, have been 
reported The change in color of the unne and the reduction of copper, 
with no reduction of bismuth nor fcrmenlatioQ with yeast, would 
suggest the condition 

Abbott* has reported the occurrence of alkaptonuria la two chil 
dren of a Negro family These arc the first cases of this error of metab 
ohsm report^ in an American Negro This author stated that at the 
time of the report only twenty one of the total number of recorded 
cases had been reported in the United States but he also felt that the 
condition, which is most often recognized by accident probably 
exists more commonly than the records show 
uffTTVlelanin — Urine which contains melanin likewise darkens 
upon exposure to the air, assuming a dark brown or black^color 
This is due to the fact that the substance is ehininated as a diromo- 
gen — melanoggn — whic h is later converte d. into tlm jiigment It does 
not reduce' eopper 

Afelanuria occurs in most, but not all, cases of melanotic tumor 
Its dfa^ostic value is lessened by the fact that it has been observed 
vw U vs tippaitTiWy tii?: itrsxit tA 

of protein destruction whidi may occur at times in widely different 
clinical conditions 

*Seep8pe47e Modified Thricl • ffiRwit 07 Bram purad mef}i\la[flinobenMld<* 
byde ISOcc cnnrrnlralnl b^drechtonracKl bikI lOOcc d st II«(1 nater 

» Abbott, L D F Jr AlkapionanainantKro laouly Saence W 365-366 (Oct 17) 
194! 
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'/^ests for Melanin — 1 Addition of a few drops of a solution of feme 
chloride to 10 c-c. of unne gives a gray preapitate which blackens on 
standing 

2 Bromine water added to unne in equal proporbons causes a yellow 
preapitate which gradually turns black 

Vltf* Diazo Substances — Certain imperfectly known substances 
sometimes present in the unne give a characteristic color reaction — 
the “diazo reaction” of Ehrbch — when treated with diazo benzol 
sulfomc aad and ammonia This reaction has considerable clinical 
value, provided tls limitations be recognt'ed It is at best an empirical 
test and must be interpreted m the light of clinical symptoms A1 
though it has been met with in a considerable number of diseases, its 
usefulness is practically limited to typhoid fever, tuberculosis, and 
measles 

(1) Typhoid Fever — ^Practically all cases give a positive reaction, 
whi^ vanes in intensity with the seventy of the disease It is so 
constantly present that it is sometimes said to be “negatively patbog 
Domonic” If negative upon several successive days at o stage oj the 
disease vihen it should be positive, typhoid is almost certainly absent 
Upon the other hand, a reaction when the urine is highly diluted 
(1 50 or more) has much positive diagnostic value, since the dilution 
prevents the reaction in most oinditions which might be mistaken 
for typhoid, but it should be noted that mild cases of typhoid may 
not give It at this dilution Ordinarily the reaction appears about the 
fourth or fifth day of the disease It bepns to fade about the end of 
the second week, and soon thereafter entirely disappears An early 
disappearance is a favorable sign It reappears during a relapse, and 
thus helps to distinguish between a relapse and a complication, m 
which It does not reappear 

(2) Tuberculosis — ^The diazo reaction has been obtained in many 

forms of the disease It has little or no diagnostic value Its continued 
presence in pulmonary tuberculosis is, however, a grave prognostic 
sjgjjf even when the phyaical signs are Alter it once appears 

it generally persists more or less intermittently until death the 
average length of life after its appearance being about six months 
The reaction is often temporarily present m mild cases during febrile 
complications and has then no significance 

(3) Measles — A positive reaction is usually obtained m measles, 
and may help to distinguish this disease from German measles, in 
which it does not occur It generally appears before the eruption and 
remains about five daj*s 
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Technic —Although the test is really a very simple one, careful attention 
to technic is imperau\e Many of the early vforkera were very la^ in this 
regard Faulty technic and failure to record the stage of the disease in 
which the tests were made have probably been responsible for the bulk of 
the conflicting results repotted Reactions more or less closely simulating 
the diazo reaction have been observed after administration of naphlhalia, 
opium and its alkaloids, atophan, salol, creosote, phenol, and the iodides 
Tannic acid and its compounds prevent the icaction 
The reagents arc 


ID Sultan 1 c aad 1 0 G®- 

Conceotrated hydroddonc aad 10 0 c c. 

Water 200 0 “ 

(2) Sod um nitrite 0 5 Cm 

Water 100 Occ 

(3) Strong unmoma. 


Mix lOQ parts of (1) and 1 part of (2) • In a test tube take equal parts 
of this mixture and the urine, and pour 1 or 2 c c of the ammonia upon its 
surface If the reaction be positive, a garnet ring tviU form at the junction 
of the two fluids and, upon shaking a distinct pink color will be imparted 
to the foam The color of the foam is the essential feature If desired the 
mixture may be well shaken before the ammonia is added The pink color 
will then instantly appear in that portion of the foam which the ammonia 
has reached and can be readily seen The color varies from eosm pink to 
deep crunson depending upon the iotensit> of the reacuon It tt o P»rt 
pwk or red, o«i tract o/ yelln. or orange denotes a negalne reaction A doubtful 
reacuon should be considered negative 

Weisz’ tJrocbromogeo Test — Weisz* bebeved the diaao reaction to be 
due pnnopally to urochromogen which, because of the effect of certaui 
toxins upon metabolism, fails of conversion into urochrome and he offered 
this permanganate reaction as a more satisfactory test both for urochromo- 
gen and for an antecedent substance which has the same signiflcance as 
urochromogen but which the diazo faib to detect This test has been 
studied chiefly in its relation to prognosis m tuberculosis, in which it appears 
to have about tbe same value as the diazo, with the differences that it is 
more frequently noted and is less intermittent m a given case and probably 
has less senous import 

In a test tube mix 2 c c. of unne and 4 c c. distilled water, and add 2 
drops of 1 1000 aqueous solutwo of potassium permanganate The appear 
ance of a yellow color denotes a positive reaction The color is best judged 
by comparison with a tube of diluted unne to which no permanganate has 
been added, the two tubes being viewed from the top over a sheet of white 

* These proporuons nre recommended by Greene, and are now generally used. Ehtltth 
used 40 pans of (1) and 1 part of (2) 

* W eisr Monz D e Bedeutung des tlrocbromogens fOr d e Prognose und Therap e 
der Lusgentuberliulose MOnchen med Uchnaebt 1343-1352 (June 20), 191t 
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paper The color of a genuine reaction is a canary yellow A jellow color, 
usually not so bright, and lending more toward faroa n may be produced by 
urobtlm and other substances, but these false reactions fade quickly, 
iisuaU> within thirty seconds, rrhilc the color of a true reaction remains a 
longer tune 

12. Drugs — ^The effect of a'anous drugs upon the color of the 
unne has been mentioned (p 66) Most poisons are eliminated in the 
urme, but their detection is more properly discussed m works upon 
toiacology A few drugs ^hich are of interest to the practitioner, and 
which can be detected by oimparativelj simple methods, are men 
tioned here 

Acetanilid and Phenacetin — The unne is evaporated by gentle 
heat to about half its \oIume, boded for a few minutes with about 
one fifth Its volume of strong h}drochlonc acid and shaken out mth 
ether The ether is evaporated, the residue dissolved m water, and 
the following lest applied To about 10 c c arc added a few cubic 
centimeters of 3 per cent phenol followed by a weak solution of 
chronuum tnoxide (chromic aad) drop by drop The fluid assumes a 
ted color, which changes to blue when ammoma is added If the 
unne be %cry pale, extraction with ether may be omitted 

Antipynne — ^TTiis drug gives a dark red color when a few drops 
of 10 per cent feme chloride are added to the unne The color does 
not disappear upon boihng, which excludes diacetic acid 

Arsenic — Test —“Add to the urine m a test tube or 
small flask about one seventh its volume of hydrochloric aad intro- 
duce a piece of bright copper foil about 3 ram square and boil for 
several minutes If arsenic be present a dark gray film is deposited 
upon the copper Tlie test is more delicate if the unne be concen 
trated by slow evaporation This test is wel] known and is widely 
used, but IS not so rehable as the following 

Gitlzeii's Test — ^In a large test tube place a little arsenic free zme 
and add 5 to 10 cc pure dilute bydrochlonc acid and a few drops 
of iodine solution (Gram’s solution will answer) then add 5 to 10 c c 
of the urme At once cover the mouth of the tube with a filter paper 
cap moistened with saturated aqueous solution of silver nitrate 
(1 1) If arsenic be present the paper quickly becomes lemon yellow, 
owing to formation of a compound of silver arsenide and silver nitrate, 
and turns black when touched with a drop of water To make sure 
that the reagents are arsenic free, the paper cap may be apphed for 
a few minutes before the urine is added 

Elecirolylic Gutzeii Test — The best tests for arsemc are now per 
formed with some type of apparatus converting the arsemc into 
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arsine by electrolysis Osterberg* has described one of the simplest 
of these pieces of apparatus with a quantitative method espeaally 
applied to the estimation of the amount of arsenic in urine 

Atiopme will cause dilatation of the pupil when a few drops of 
the urine are placed in the eye of a cat or rabbit 

Bromides can be detected by acidifying about 10 c c of the urme 
with dilute sulfuric acid, adding a few drops of fuming nitnc aad 
and a few cubic centimeters of chloroform, and shalang In the 
presence of bromine the chloroform, which settles to the bottom 
assumes a yellow color 

Chloral hydrate appears m the unne chiefly as urochlorahc aad, 
which reduces the copper solutions used for sugar tests To detect 
it, e\aporatc about 500 c c of the urine to about one fourth its volume, 
maV.e deadcdly acid with hydrochloric acid, add about 50 cc of 
ether, shake thoroughly, and separate the ether Now evaporate the 
ether and dissolve the residue m a IiUlc uatcr If urochlorahc aad be 
present, this aqueous solution mil respond to Fehljng’s test 

Formaldehyde is discussed under Hcmmethylcnamine 
v^-^examethylenamioe —Interest in this drug centers chiefly m its 
value as a urinary antiseptic, nluch depends upon its decomposition 
m acid urme with liberation of formaldehyde According to a number 
of recent workers formaldehyde can be detected m the urme of only 
about 50 per cent of patients who arc taking hcHimethylenamine 
A test for formaldcliydc is, therefore, necessary in order to know 
whether the object m administering the drug is being accomplished 

Joiisseo’s Test for Formaldehyde — ^To I or 2 c c of the unnC or other 
fluid to be tested add about 0 5 c c of a 1 per cent solution of phlorogluanol 
(Merck’s * reagent’ ) m 10 pec cent sodium hydroxide The appearance of 
a briolit red color shows tlie presence of free formaldehyde The test is smd 
to detect I part in 10,000,000 

lodme, from ingestion of iodides or absorption from iodoform 
dressings, is tested for in the same way as the bromides, the chloro- 
form assuming a pink to reddish violet color, or Obermayer’s reagent 
may he used m the same way dcsecdied foe 
detect traces a large quantity of unne should be rendered alkaline 
with sodium carbonate and greatly concentrated by evaporation 
before testing 

For accurate quantitative estimation of the iodine aintent of 

* Osterber? A E A ^^<K!lGcsbOR ot the Clccirolytic Cutzeit Apparatus for tb* 
Estimation of Arsenic m Biological Alatcnal Jour Biol Chem^ 7(f 19-22 (Jan-), IWS 
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unne Kendall’s’ mettod for the determination of iodine in biologic 
matenal is recommended As applied to urine this involves the con 
centration to small bulk and the fusing with sodium hjdroxide 
After the destruction of the organic matter the iodine is retained as 
sodium iodide This is otidized in an acid solution to iodic acid mth 
bromine The iodic acid liberates iodine from potassium iodide The 
amount of iodine liberated, vshich is six times the amount of iodine 
onginally present m the sample, is then determined by titrating with 
suitable strengtli sodium thiosulfate solution using soluble starch as 
an mdicator With 0 005 normal solution (N/200) of sodium thio 
sulfate 1 c c IS equivalent to 0 106 mg of iodine originally present 

Lead — No simple metbod is sufficiently sensitive to detect the 
traces of lead which occur in the urine in chronic poisoning Of the 
more sensitive methods, that of Fairhall is very satisfactory For an 
interesting symposium on lead poisoning the reader is referred to the 
reports of Lanza’, Aub’, Kehoe, Thamann, and Cholak*, Jones* 
Gray*, and Belknap ’ A very complete bibliography on the subject will 
be found m these papers 

Paifhall’s* Metbod for Lead la Unne— The only carefully 
standardized reagent required is 0 OOo normal (N/200) sodium thiosulfate 
Thoroughly dissolve 23 Gm of sodmm thiosulfate with 18 liters of freshly 
distilled water Great care is nccessar) in keeping all glassware chemically 
clean, and m keeping the carbon dioxide of the air away from the solution 
The solution must be kept very accurately standardized by any of the 
recognized quantitative procedures 

* Kendall II. C The Delemunalwn of lod nf in Connecfion wjlh Studies m Thyroid 
Activity, Jour Biol Chenu, 19 ZSt 2^6 1914 Kendall V C Detenrinaiioa of Iodine 
in Connection with Studies in Thyroid Activity Jour Bol Chem. “/J 140-159 fAug), 
1920 Kendall C C and Kichard^on T ^ Determination of Iodine in Blood and in 
Animal Tissues Jour Biol Clrm 161 170 (Aug) 1920 

* Lxnza A J Ep deimology of Lead Poisoning Jour Am iled Assn W &5~S7 
{Jan 12) I93o 

* Aub J C The Biochemical Behavior of Lead in the Body Jour Am. Med Assn , 
104 S7-00 (Jan 12) mS 

^’Kelaoe, K- A., 'Tbamann Trcdendc and Omlalt 3Wb ttoTmaV AbKnpWon and 
Excretion of Lead Jour Am Med Assn., 104 9(H>2 (Jwi 12) I93a 

* Jonea. R R Symploms In Etify Stages of IndosUu! Plumhwa Joar Am. MeP 
Assn 104 195-200 (Jan. 19) 19)5 

' Gray, Imng Recent Progress m the Treatment of Plumhism, Jour Am. hied 
Assn , W 200-205 CJan 19) J9JS 

’Belknap E L. Control of Lead Poiaomng in the Worker Jour Am Med Assn 
W 205-210 fjan 19} 19)5 

* Palrhall, L T Lead Studies T The TMimation nf Minute Amounts of Lead in 
Btolog ral Material, Jour Ind Hyg 4^20 (Mas) 1922 Pairhall L T I.ead5tudes 
XI A Rapid Method of Aoalyring Lrme for Lead Jour BioJ Chem dff 4S5-4&S fjtih), 
1924 Aub J C Fairhall, L T., Minot A. S and RexnltoO P I.ead Po son ng Medi 
e£n^ 4 1-250 (Feb -May) 1925 
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Method — Add ammonium bydrcmde to the unne until it is strongly 
ammoniacal Allow the mnture to stand until the supernatant fluid is 
clear, or if necessary for twenty four hours Filter out the gelatinous mass 
containing the alkaline earth phosphates which entram any lead phosphate 
present Decant the cleat supemataat fluid and centrifugate out the pte 
apitate Dissolve all of the precipitate in from 10 to 15 c c of 1 1 hydro- 
chloricacid tbenwash out theceninfugetubcwiih water Heat the soluticji 
to boiling and filter while hot Neutralize carefully with ammonium hydrox 
ide Add hydrochloric acid until just acid to methyl orange, or to Congo 
red ‘ Saturate the cold solution with hydrogen sulfide and allow to stand 
for several hours and then filter, or centrifugate Wash the preapitate and 
dissolve It in from 2 to 5 c c, of concentrated mine acid Boil to expel the 
hydrogen sulfide Cool, filter, and make slightly alkalme with sodiiun 
hydroxide Acidify again withasightercessof acetic acid Add2or3drop$ 
of a saturated solution of potassium chromate Boil fora few mmutes Allow 
tostandforseveral hours andfiUerorcenlnfugaleoutthepreapitate Wash 
alt of the soluble chromate from the filter paper, or the centnfugc tube by 
successive washings with water Dissolve the precipitate with from 2 to 5 
c c of 1 1 bydrodilonc acid solution followed by a few cubic centuneters 
of water Add an excess of potassium iodide solution, and titrate the free 
iodine with 0 OOo normal sodium thiosulfate solution, using a drop of 5 per 
cent soluble starch as an indicator One cubic centimeter of 0003 normal 
sodium thiosulfate is equivalent to 0^51 mg of metallic lead 

Mercury (^Method oj Vogel and Lee) —This wiU detect 1 mg of 
mercury m 100 c c of unne, gastne contents, or feces 

To about ISO c c of the unne add about 5 c c of concentrated 
hydrochloric aad and boil down to 25 or 30 c c Add about 2 c c of 
hydrochloric aad to replace that lost in boiling and enough potassium 
chlorate, usually about 2 Gm , to oudizc the organic matter, as 
shown by a change of color to pale yellow Dilute to about 60 c c 
and boil a few minutes to dn\e ofl chlorine 

Secure a piece of copper wire of about 18 gage and 4 cm long 
bend it several times upon itself, clean by boiling a few minutes m 
dilute hydrochloric aad, and with (he aid of forceps place it in the 
concentrated urine where jt should remain for two hours In the 
presence of mercury it will become coated with a silvery film Next 
remove the wire with the aid ol Scraps, nnse in water, dry, and 
place It in the bottom of a slender test tube, made by seabng one end 
of a piece of gla^s tubing about IS cm long and 3 to 5 mm m diam 
eter Also msert in the tube a plug of gold leaf and push it down to 
about 2 mm from the wire Ihe gold leaf is that u^ in dentistry 

‘ Dr Osterberg states Uist Cooao red ptedpluting la the tod solution entrsmr thr 
tetd sulhde. 
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Holding the tube horizontally^ gently beat the end contaming the 
wire, but a\03d heating the plug of gold leaf Etamine the gold leaf 
frequently dunng the heating, preferably with a hand lens If mercury 
be present, it will form a sdwry patdi of amalgam on the end of the 
gold plug toward the wire Vogel and I,ee recommend that in unpor 
tant cases the tube and its contents be kept as a permanent record 
after seabng the open end 

Tor confirmation the gold plug may be removed and suspended 
in a test tube containing a crystal of iodine which is gently heated 
The sil\ ery deposit of mercury is changed to red iodide of mercury 
Morphine — ^Add suffiaent ammonia to the unne to render it dis 
tincUy ammomacal and shake thoroughly wnth a considerable quan 
tity of ether Separate the ether and e\aporate to dryness To a 
httle of the residue in a watch glass or porcelain dish add a few drops 
of formaldehyde suUunc acid, which has been freshly prepared by 
adding 1 drop of formalin to I cc pure concentrated sulfunc aad 
If morphine be present, this will produce a purplish red color which 
changes to violet, blue \iolet, and finally nearly pure blue 

Phenol —As has been stated, the unne following phenol poisonmg 
turns oU\e green and then brownish black upon standing Te»ts are 
of value m recognizing poisoning from ingestion and m detectmg 
absorption from carbolized dressm^ 

The unne is strongly aadified unth hydrochloric aad and dis* 
tilled To the first few cubic centimeters of distillate is added 10 
per cent solution of feme chlonde, drop by drop The presence of 
phenol causes a deep amethyst blue color, as m Uffelmann’s test for 
lactic acid (p 453) 

Phenolphthalcm, w’hich is now widely used as a cathartic, gives a 
bright pmk color when the unne is rendered alkaline 

Quu^ne — A considerable quantity of the urme is rendered alkahne 
wnth ammonia and extracted with ether the ether is evaporated, and 
a portion of the residue dissolved m about 20 drops of dilute alcohol 
The alcoholic solution is aadulatcd with dilute sulfunc aad, 1 drop 
of an alcoholic solution of iodine (tincture of iodine diluted about 
ten times) is added and the mixture is warmed Upon coolmg an 
lodme compound of qumme (herapathite) will separate out in the 
form of a microcrystalline sediment of green plates 

The remamder of the residue may be dissolved m a little dilute 
sulfunc aad This solution will show a characteristic blue fluorescence 
when quinine is present 

Resmous drugs cause a white preapitate like that of albumm when 
strong mtnc acid is added to the urine This is dissolved by alcohol 
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Salicylates, salol, asplnn, and similar drugs give a bluish violet 
color upon addition of a few drops of 10 per cent feme chloride solu 
tion to the urine, which must previously be boiled to drive off any 
diacetic acid that may be present When the quantity of salaylates 
IS small, the unne may be aadified with hydrochloric acid and ex 
traded with ether, the ether evaporated, and the test applied to an 
aqueous solution of the residue 

T annin and its compounds appear m the unne as gallic acid, and 
the unne becomes greenish black (inky if much gallic aad be present) 
when treated vnth a solution of feme chlonde 

nr MICROSCOPIC examination 

A careful microscopic study should be a part of every routine 
urme examination It will often reveal structures of diagnostic impor 
lance m urine whicli seems perfectly clear, and from which only 
very slight |edirqfiiUcaa>.be_obtaiocd with the centrifuge Upon the 
other hand, cloudy unnes with abundant sediment are often shown by 
the microscope to contain no structures of clinical significance 

Since the nature of the sediment soon changes, the urine must be 
exajsuigjUwhile fresh, preferably within six^ours after is voided 
If It must be kept for a much longer period some preservative should 
be added, preferably 4 drops of formalin, or 5 grams of bone and 
or I c c of toluene for each 4 ounces of unne When possible it should 
be placed on ice The sediment is best obtained by means of the 
centnfuge If a centrifuge is not available, the unne may be allowed 
to stand in a conical test glass for six. to twenty four hours 

A small am oun t of the_jeduncnt,s hould be tran sferred to a slide 
by means^f_a^pipct It is very important to do this properly The 
best ptpet IS a simple glass tube, 7 or 8 inches long vvhich has been 
drawn out at one end to a tip with a 1 or 1 5 mm opening The 
centrifuge tube containing the sediment is held on a level with the 
eye, the larger end of the pipet is closed with the index finger, wbdi 
must be dry, and the tip is earned down into the sediment By care 
fully loosening the finger, but not entirely removing it a small amount 
of the sediment is then allowed to run slowly into the pipet Slightly 
rotating the pipet will aid in acromplishing this and at the safflf 
time will serve to loosen any structures which cling to the bottom of 
the tube After wiping off the unne which adheres to the outside, s 
drop from the pipet is placed upon a dean slide A hair is then placed 
in the drop and a large cover glass applied The correct size of the 
drop can be learned only by experience It should not be so large ^ 
to float the cover glass about, or so small as to leave unoccupied 
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space beneath the cover Many urorkers use no cover This offers a 
tlucker layer and larger area of unne, the chance of finding scanty 
structures being proportionately increased It has the disadvantage 
that any jarnng of the room (as by persons walking about) sets the 
microscopic field into vibratory motion and makes it impossible to see 
anything clearly, and, since it does not allow satisfactory use of high 
power objectives, one cannot examine details as carefully as one often 
wishes to do It is true that a cover can be applied later, but any 
structure which one has found with the low power and wishes to 
study with the high is sure to be lost when the cover is apphed A 
cover glass (about 22 mm square) with a hair beneath it avoids 
these disadvantages, and gives enough unne to find any structures 
which are present in suffiaent number to have clinical significance, 
provided other points in the technic have been right It is best, how 
ever, to examine several drops, and, when the sediment is abundant, 
drops from the upper and lower portions should be examined sepa 
rately The hair is dispensed mtb m routine work, but its use should 
be required in class exera«es, since it is a useful aid in teaching the 
correct thickness of the layer of unne, and the hair serves as a con 
spicuous object upon which to focus when few structures are to be 
found 

In examining unnary sediments microscopically no fault is so 
common or so fatal to good results as improper illununation (Fig 6, 
p S) and none is so easily corrected The light should be central 
and very subdued for ordinary work but oblique illumination, ob 
tamed by swinging the mirror a little out of the optical axis will be 
found helpful m identifying certain delicate structures like hyaline 
casts The 16-mra objective should be used as a Under, while the 
4-mm IS reserved for examining details An experienced worker will 
rely almost wholly upon the lower power 

It IS well to emphasize that the nml common errors uhich result 
tn Jatlure to jind important slrncUires, uhen present are, (a) hok oj 
cars itt iransJfSTxng the stdimtnl io the sbde^ (b) loo strong illuminatton 
and (c) too great magnification 

In order to distinguish between similar structures it is often 
necessary to watch the effect upon them of certain reagents This is 
espeaally true of the various unorganized sediments They very fre 
quently cannot be identified from their form alone \\ ith the structures 
still in focus a drop of the reagent may be placed at one edge of the 
cover glass and drawn underneath it by the suction of a piece of 
blotting paper touched to the opposite edge, or, better, a small drop 
of the reagent and of the urine may be placed close together upon a 
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slide and a cover gently lowered over them As the two fluids mingle, 
the eflect upon various structures may be seen 

A common error is the attempt to identify objects m unne which 
has dned upon the slide Satisfactory exammation is impossible under 
such conditions Not onlj are the delicate organized structures dis- 
torted beyond recognition, but there is a confusing deposit of urmary 
salts After a little experience one recognizes at a glance from the 
peculiar refraction of the structures seen that the unne has dried 
The record of the microscopic exammation should not merely state 
that particular structures are present, but should give an approximate 
idea of their number The best plan is to record the average number 
seen m a field of the low power objective, although the niunber will 
vary greatly with the thoroughness of centnfugation, and espeaally 
with the care with which the sediment is transferred to the slide 
The approximate amount of sediment in the centnfuge tube should 
also be recorded ^ 

Urinary sediraentsmay be studied under three heads 'A^nor 
gaoized sediments D'Organizcd sediments OExtrancous structures 

A. UtTOROARlZED SEDIMENTS 

In general, these have little diagnostic or prognostic significance 
Most of them are substances normally present m solution, which 
have been prcapitated either because present in excessive amounts 
or, more frequently, because of some alteration m the urme (as in 
reaction, concentration, and so forth) which may be purely physio 
logic, dependmg upon changes m diet or habits Various substances 
are always preapitated dunng decomposition, which may take place 
either within or without the body 

Unorganized sediments may be dassified according to the reaction 
of the urme in which they are most hkely to be found This classifica 
tion IS useful, but is not accurate, sinc^ the characteristic sediments 
of and unne may remam after the unne has become alkaline, while 
the alkaline sediments may be precipitated m a urme which is still 
aad 

Actd Vnne — Unc aad, amorphous urates, sodium urate, cal 
aum oxalate, leucine and tjTOsme, cystine, and fat globules may be 
found Unc acid, the_urates,_and ralcimn oxalate are the common 
deposits of acid urines, the others are 1^ frequent, and depend less 
upon the reaction of the unne 

✓7« Alkaline Vrtne — Phosphates* jcalaum carbonate, and am 
monium biurate may be deputed 

Other crystallme sediments (Fig 45) which are rare and require 
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no further mention are; Caldum sulfate, cholesterol, hippunc aad, 
hematoidm, fatty acids^ and indigo 



Fig 45 — Uausual urmary nystsls (drawn (lom vanou* autbors) 1, CAlaum sullate 
(colorless), 2, cholesterol (colorltss), 3. hippunc aad (colorless), 4, hematoidm (brown), 
5, fatty acids (colorless), 6, mdigo (blue), 7, sodium urate (yellowish) 

The foUo'mng brief table will aid the student in identifying the 
chemical sediments winch one meets every day 



Id add udne. 

alksluie Brise. 

Yellow ery$t&U 

Unc aod— dissolve lo 
bfaOH 

BSSEESIMH 

Colorlesi Cfys(&!s . 

Celciom oxalate —* dis- 
solve ia HQ. 

.-Pbospbate crystals — dis- 
solve in ecetie aad 

Amorphous matenai ^ 

Urates — dissolve with 
heat. 

.Amorphous phosphates — 
dissolve in aceuc eod. 


1. In Acid Urine. — (1) Uric-acid Crystals. — ^These crystals are 
the red grains — ^“gravel” or “red sand” — which are often seen adher- 
ing to the sides and bottom of a vessel containing unne Micro- 
scopically, they are yellow or reddish-brown crystals, which differ 
greatly m size and shape The color is due to urinary pigments, chiefly 
uro-erythrine. The most characteristic forms (Plate III and Fig 46) 
are “whetstones”; roset-like clusters of prisms and whetstones, and 
rhombic plates, which have usually a paler color than the other 
forms and are sometimes colorless. A very rare form is a colorless 
hexagonal plate resembling cystine. RecogniUon of the crystals 
depends less upon thefr shape than upon their color, the reaction of 
the urine, and the facts that they are soluble in sodium hydroxide 
solution and insoluble in hydrodJoric or acetic add. WTien ammonia 
is added, they dissolve and ct>'stals of ammonium urate appear. 

A deposit of uric add crystals has no significance unless it occurs 
before or very soon after the urine is wided. E^'e^J• urine, if kept 
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acid Will m time deposit lU unc aad 1 actors, wh ich favor aji^ early 
depo sit are-high acidity. <hmmisl^ untiary . ptgme nts a nd cTcesstve 
excretion of uric_^aad The chief clinical interest of the crystals lies 
in ffieirienJency to form calculi omng to the readiness with which 
they collect about any solid object T ^ir presence in the freshly 
vQided u rine m clusters of crystals suggests stone’ in the kidney'*or 
bladder^peml^ iTbloodK^lso present (Fig 86 p IBo) 

It was formerly** believed that the uric acid stone is the most 
common form of renal calculus but from a recent studj of a senes of 
calculi Kahn and Kosenbloom believe that the great majority are 
composed of calaum oxalate although all contain a trace of uric aad 



(2) Amorphous Urates — These are chiefly urates of sodium and 
potassium which are thrown out of solution as a yellow or red ‘ bncL 
dust deposit In pale unnes this sediment is almost white It dis- 
appears upon heating A deposit of amorphous urates is very commoD 
m concentrated and strongly aad unnes espeaally in cold weather 
and has no clinical significance It is particularly frequent in febrile 
conditions Under the microscopjc it appears as fine yellowish gran 
u\es sometimes almost colorless {Plate III) Often they are so abua 
dant as to obscure all other structures In such cases the unne should 
be warmed before examining The granules have a tendency to collect 
upon tube casts strands of mucus and other structures Amorphous 



Phvrr m 


Hg 



1 —Common seduncnis of unne Tnpic pbo<plutc ct>su1s cilaum phos< 

phatc co'stab, anuMruum urate c(>-stats and amorphous pbosphati-s (X 150) 



Fig 2 — Commonsedimentsof aad unne Unc aod crystals calcium 0^:01116 crystals and 
amorphous urates (X 1 50 ) 
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urates are readily soluble in caustic soda solutions. ^Vhen treated 
with hydrochloric or acetic add, they slowly dissolve and rhombic 
cr>’Stals of uric add appear in ten to twenty minutes 

Rarely sodium urate occurs in crystalline form — slender prisms, 
arranged in fan- or sheaf-like structures (Fig. 45) 

(3) Calcium Oxalate. — Characteristic of calcium oxalate are color- 
less, glistening, octahedral crystals, giving the appearance of small 
squares crossed by two intersecting diagonal lines — the so-called 
“envelope crystals” (Fig. 47). They vary greatly in size, being some- 
times so small as to seem mere points of light writh medixim-power 
objectives Unusual forms are colorless dumb-bells, spheres, and 
variations of the octahedra (Fig. 47). The spheres might be mistaken 



Fig. 47,~-Vanous iorms ol caldum oialate oyalals from urine. The majonty are the 
typical octahedra seea in difletcnt positions (X 450). 

for globules of fat or red blood wrpusdes Crystals of calcium oxalate 
are insoluble in acetic acid or caustic soda. They are dissolved by 
strong hydrochloric add, and recrystallixe as octahedra upon addition 
of ammonia They are sometimes encountered in alkaline urine. 

The crystals are commonly found in the urine after ingestion of 
vegetables rich in oxalic add, as tomatoes, spinach, asparagus, and 
rhubarb. They have no definite significance pathologically. They 
often appear in digestive disturbances with fennentation of carbo- 
hydrates, in neurasthenia, and when the oxidizing power of the sys 
tem is diminished When abundant they are generally associated with 
a little mucus; and, in men, frequently with a few’ spermatozoa. Their 
chief dinical interest lies in their tendency to form calculi, and their 
presence in fresh urine, together with evidences of renal or cystic irrita- 
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tion, should be viewed with suspiaon, particularly if they are clumped 
in small masses 

Sulkowitch Test — A very simple test for the amount of calaum 
excreted in the unne has been devised by Sulkowitch * 

Rea^enl — The only reagent required is oxaUc aad, 2 5 Gm 
ammonium oxalate, 2^5 Gm , glacial acetic aad, See Make up to 
ISO c c mth distilled water 

Method — ^The piatient should be kept on a neutral, low caiauio 
diet before the test is begun Save a twenty four hour specimen of 
unne Take equal parts of the Sulkowitdi reagent and unne, mix thoi 
oughly and allow to stand for two to three minutes The calaum in 
the unne will come down almost immediately as a fine, white pit 
cipitate of calaum oxalate If there is no precipitate, there is no 
calaum and the serum calaum level is probably from 5 to 7 5 mg 
per 100 c c If there is a fine, white cloud, there is a moderate amount 
of calaum and the level of calaum m the scrum is in the nonnal 
range If the preapitate is like milk, the danger of hypercaiccnua is 
■*' present The amount of precipitate may be graded much as pre- 
cipitate of albumin, 1, 2, 3 and 4 Hus is a rough quantitatne test 
lot the amount of calaum that is excreted in cases of hypopars 
thyroidism or urinary calcuh 

(4) keucine aad Tyrosine —These substances are cleavage prod 
ucts of the protein molecule They are of comparatively rare occurrence 
in the unne and generally appear together In general their presence 
mdicates autoly’sis of tissue proteins Clinically, they are seen most 
frequently m severe fatty destruction of the liver, such as occurs id 
acute yellow atrophy and phosphorus poisoning Crystals are deposited 
spontaneously only when the substances are present in large amount 
Usually they will be deposited when the urine is evaporated to a small 
volume on a water bath It is best however, to separate them fro® 
the urine as follows 

Treat SOO to 1000 cc of urine which has been freed from albunuD 
with neutral, then with basic, lead acetate until a precipitate no longer 
forms Filter, preapitate excess of lead with hydrogen sulfide, and filtw 
agam C.tiritvn'tni'Ltr n syrop on a water bat’n T.xlract rejftateiiV 
small quanuiies of absolute alcohol to remove urea Treat the residue 
with hot dilute alcohol to which a little ammonia has been added Filter 
and evaporate the filtrate to a small volume and let stand for the leucue 

• Albright Fuller Note on lie Huusement of Hjpoparathyroidism wiih 
Ucbytterol JAMA. JJ2-2592-25W 0«nie24) 1939 Barney, J D sndSulbwtA 
n W ProgTffs In the Management of Uniuiry Calculi T Urol 37 7415-76'’ 

1937 
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and t>TOsme to separate out The leudne can be separated from the tyrosine 
by boiling with gladal acetic add. Leudne dissolves, leaving the tyrosine, 
and can again be recovered by evaporating the aceUc acid. 

The crystals cannot be identified from their morphology alone, 
since other substances, notably calcium phosphate (Fig 54, p, 138) 
and ammonium biurate, may take' similar or identical forms. It is, 
therefore, necessary to try out their solubility in various reagents or 
to apply spedal tests. 

Leucine crysMs (Fig. 48) as they appear in the urine do not repre- 
sent the pure substance. They are slightly yellow, oily looking spheres, 
many of them with radial and concentric striations. Some may be 
merged together in dusters. They are not soluble in hydrochloric 
add or in ether. 



Tyrosine crystallizes in very fine needles, which may appear black 
and which are usually arranged in sheaves, with a marked constriction 
at the middle (Fig. 49). It is soluble in ammonia and hydrochloric 
add, but not In acetic add 

Momer’s Test for Tytoane. — To a small quantity of the crystals in a 
test fci'fer sdd s cubic ceatuaetcfs cf bhtoec's eesgeat (fcesrrsba, 1 c.c. , 
distilled water, 45 cc.; concentrated sulfuric add, 55 c.c.). Heat gently to 
the boiling point. A green color shows the presence of tyrosine. 

(5) Cystine crystals are colorless, highly refractive, rather thick, 
hexagonal plates with well-defined edges. They lie either singly or 
superimposed to form more or less irregular clusters (Fig. SO). Uric 
add sometimes takes this form and must be exduded. Cystine is 
soluble in bydrodiloric add, insoluble in acetic; it is readily soluble 
in ammonia and recrystallizes upon addition of acetic add. 

6 
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C>’5tine is one of the ammo adds formed in decomposition of the 
protein molecule, and U present in traces in normal urine Cr>-sUli 
are deposited only «hen the substance is present in exccssu’c amouflt 




Fig 4*) — Tyrotioe ay*taU fionx utiM (X 4S0) 

presence \s Unovm as cyjtinurio It \s a rzn condition, due lu 
an obscure abnormality of protein metabolism and usually conlmucs 



n< 50 — Cftimc cmtalj from onflf of p»tlenl with cj'Jtme calmlji. Ttw rrr‘1*^* *'* 
cobttns, with A luster lug^nuaj mother of peart (photosnpb, X 200) 

throughout life TJic amount of cystine can be greatly diminished fcj 
a low protein diet, and the formaUon of crj-stals can in some measjr* 
f>c prc\cnted b) administration of sodium carbonate (SmlUiO 
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are rarely any symptoms save those referable to renal or cystic 
calculus, to which the condition strongly predisposes 

(6) Sulfamlamide Derivatives — Sulfanilamide derivatives may 
produce typical unnary cr>stals m acid urme These are illustrated 
diagrammatically in Fig 51 ^ 

(7) Fat Globules — Fat appears in the urme as highly refractive 
globules of vTinous sizes, frequently very small These globules are 
easily recognized from the fact that they are stained black by osmic 



Fig 51 — Crystals nppranng in human unne aftfr adn-jnistration of Sul/apyrtdinf~~ 
arrowheads and whetst nes. 5u//aIiio-of«— striated dumb-bells (shochs of wheat with cen 
tial binding), rosettes with radial stnatioos and regubr hexagonal platelets (alt structures 
tymn tincal) Sulfadia tne — <tmted dumb-bells (shocks of wheat with ereentne binding) 
and ceU forms with radial stnations (all structures osymmelrual) (X 250) (Lehr and 
SofSMf, IW 

acid and orange or red by Sudan III or scharlach R The stain may 
be applied upon the slide, as already described (p 127) Osmic aad 
should be used m 1 per cent aqueous solution, formulae for Sudan III 
and scharlach R are given on page 833 

Fat m the unne is usually a contamination from unclean vessels, 
oiled catheters, or similar sources A very small amount may be pres 

* Lehr, David and Antopol WQliam Typical Urmaiy Crystals of Three Sulfannam 
jdf Denvatives Produced in Vitro Satacg, 94 282 283 (Sept. 19), 1941 



ent after ingestion of large quanUties of cod liver oil or other fats. 
In fatty degeneration of the kidney, as in phosphorus poisoning and 
chronic parenchymatous nephritis, fat globules arc commonly seen, 
both free in the urine and embedded in cells and tube casts Fat 
droplets are common in pus r^rpusdes and in degenerating cells of 
any kind. 

In chyXuria, or admbtture of chyle \rith the urine as a result of 
rupture of a lymph vessel, minute droplets of fat arc so numerous 
as to give the urine a milky appearance The droplets are smaller 
than those of milk, which is sometimes added by malingerers The 
fluid is often blood tinged. The condition is best recognized by shaking 
with ether, uhich, when separated, leaves the urine comparatively 



Fifs 52 — Pnsmatlc forms of triple pbosphatf oysuls from unne (y 450) 

clear If, then, the ether be evaporated, a fatty residue remains 
Chyluria occurs most frequently as a symptom of infection by filana 
(p 565), the larvae of which can usually be found in the milky urine 
In other cases the etiology is obscure 

2. In Alkaline Urine. — (I) Phosphates. — ^WTrile most coB' 
mon m alkaline urine, phosphates are sometimes deposited in am 
photeric or feebly add urines. The usual forms are: (o) Ammonio- 
magnesium jihos phate c rystals; (i)jKcalcium phosphate ^-stals, and 
(c) amorphous phosphates. All are readiTj^Tubl^in acetic acid. 

^(o) Ammomqmagiussjnm Phosphate Crystals.— They are the com- 
mon “tripl e phosp hat^** crystals, which are generally easily recognized 
(Figs. 52, 53, and 87, and Plate HI). They are colorless except when 
ble stained. Their usual form is some modification of the prism, 
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oblique ends Most typical are the well known Ud” and “hip- 

roof” forms The long axis of the hip roof crj^tal is often so shortened 
that it resembles the envelope crystal of calcium oxalate. It does not, 
however, have the same luster, this, and its solubihty in acetic add, 
will always prevent confusion 

When rapidly deposited, as by artifidal precipitation, triple phos 
phate often takes feathery, star , or leaflike forms (Fig 53) TTiese 
gradually develop into the more common prisms X-fonns may be 
produced by partial solution of pnsms 

(6) Dtcaktum Phosphate Crystals — ^In feebly acid, amphoteric, or 
feebly alkalme urines dicaldum phosphate is not infrequently de 
posited in the form of colorless prisms arranged m stars and rosets 



Fig 53 — ^Tnple phosphate crystals, forms produced by rapid preapilatioa and b> partial 
solution of pnams {X 450) 

(Fig 54, 1). Because of the shape of the crystals it is sometimes 
called “stellar phosphate ” The individual prisms are usually slender, 
with one beveled, wedgehke end, but are sometimes ncedle-like 
They may sometimes take forms resembling tyrosine (Fig 54, 2), 
calcium sulfate, or hippuric add, but are readily distinguished by 
thdr solubility in aceric acid. 

Caldum phosphate often forms large, thin, irregular, usually 
granular, colorless plates (Fig. 54, 3) which should be easily recog- 
nized, although small plates might be mistaken for squamous epithelial 
cells These erj stals most frequently form a scvim upon the surface of 
the urine They are regarded by some as magnesium phosphate 
(c) Amorphous PhospJales — The earthy phosphates are thrown 
out of solution in most alkahne and many amphoteric urines as "b 
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rig 54 — Ciysials cl ealacm pliospliatc 1/ Conaaon tenn (copied Iioia Rvedtt’s 
Atlas) 2 , needles resembling tynsmc (drawn from cuture) 3 Urge, irregular plates 
(from nature) 


white amorphous sediment, which may be mistaken for pus macro 
scopically Under the microscope the sediment is seen tcj consist ol 


2 



Fig SS •—Indistinct crystalLne sediment (dumb-bell ciystsls) of calcium carbonate 
SitniUr crystals are so^ef^pies formed by c^aum oxalate and coloum sulfate (after 
Fuolce) 

numerous colorless granules, distinguished from amorphous urates b) 
ihcir color, their solubility in acetic acid, and the reaction of the unne 



i ig 56— Crystals of ammooium biurate (one half of the forms copied from Riedel's Atlas 
the otber^ from nature) 

The \anou3 phosphatic deposits frequently occur together Thej 
arc sometimes due to excessive excretion of phosphoric acid, bul 
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usually merely indicate that the unne has become, or is becommg 
alkaline (Phosphates, p 75) 

(2) Calcium carbonate may sometunes be mingled with the phos 
phatic deposits, usually as amorphous granules, or, more rarely, as 
colorless spheres and dumb bells (Fig 55), which are soluble in acetic 
aad iMth gas formation 

(3) Ammonium Biurate Crystals — This is the only urate de 
posited m alkahne unne It forms opaque yellow crystals usually in 
the form of spheres (Plate III and Fig 87), which are often covered 
with fine or coarse spicules-“lhom apple crystals ’ Sometimes dumb 
beUs, compact sheaves of fine needles, and irregular rhizome forms 
are seen (Fig 56) Upon addition of acetic aad they dissolve, and 
rhombic plates of unc aad appear 

These crystals occur only when free ammonia is present They are 
generally found along with the phosphates m decomposing unne and 
have no climcal significance 

B OROAmZBO Sewmeitts 

The pnnapal organued structures m urinary sediments are Tube 
casts, epithelial cells, pus corpuscles, red blood corpuscles, sperma 
tozoa, bacteria, and animal parasites They are much more important 
than the unorganized sediments just considered 

f Tube Casts — These mterestmg structures are albuminous 
casts of the urmiferous tubules Theur presence in the unne (known 
as cyhndrurta) probably always indicates some pathologic change m 
the kidney, although this change may be very slight or transitory 
Large numbers may be present in temporary irritations and con 
gestions They do noi tn themsehes, therefore, tmply organtc disease of 
the kidney They rarely occur m urme which does not contam or has 
not recently contained, albumin and in a general way have the same 
dmical significance as renal albuminuria 

IVhile it IS not possible to draw a sharp dividing line between the 
different varieties casts may be classified as follows 
JS) Hyaline casts 

(а) Narrow 

(б) Broad 

JX) casts 

(3) Fibnnous casts 
,_(4) Granular casts 

(a) Finely granular 

(b) Coarsely granular 

Fatty casts 
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(6)'^Casts containing organized structures 
Epithelial casts 

(5) Blood casts 

(c) Pus casts 

(d) Bacterial casts 

As vnU be seen later, practically aU varieties are modifications ol 
the hyaline Not mfrequently two varieties are included in the same 
cast 

The significance of the different vaneties is more readily under 
stood if one considers their mode of form ation Albur ninou s^roatenal 
the source and nature of which are not definitely known but which 
are doubtless not the same in all cases, probably en^rs t^ 
of a unniferous tubul e m a fl uid o r p l^tfc sta te The material has 
been \anously thought to be an exudate from the blood, a pathologic 
secretion of the renal cells, and a product of epithelial degeneration 
In the tubule it hardens a cast which, when washed out by^the 
unne . reta ins th e shape 'of. the tubule, and contains within its sub 
stance whatever structures and debns were lymg free within the 
tubule or were loosely attached to its wall If the tubule be small and 
has Its usual lining of epithelium the cast will be narrow, if it be 
large or entirely denuded of epithelium the cast will be broad 
1 cast,. indicates the condttum oj the tubule tn ichtch ts formed, 

I but does not njcessartly indicate the conditio n of the kidne y as a nhole 
In any particular case of kidney disease several forms or even all 
may be found Their number and the preponderance of certain forms 
will, as IS shown later, furnish a due to the nature of the pathologic 
process, but further than this one cannot go with certainty One 
cannot rely upon the casts for accurate diagnosis of the histologic 
dianges in the kidney 

At times during the course of a nephritis the unne is suddenly 
flooded with great numbers of tube casts Such "showers” may be 
of serious import, but are not necessanly so La some cases they may 
result from a deanng out of the plugged renal tubules coinadent 
with improvement and increased flow of unne 

The search for casts must be carefully made The urine must be 
fresh, since hyaline casts soon dissolve when it becomes alkaline 
It should be thoroughly centnfugalized \\'hen_the sediment js abun 
^ dant, ^ts,_being light _stnjctures, will be f ound nearjhejop ofjhc 
^depS?5>t In q^itis, where casts may be entirely hidden by the pus, 
the bladder should be imgated to remove as much of the pus as 
possible and the next unne examined Injirder to prevent solution of 
the casts_the unne, if airline, must be rendered aad by previous 
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admimstratiOD of b one acid or_otlier drugs Heavy se dim ents of urates, 
blood, or vaginal cells may likewise obscure casts and other impor 
tant structures The last can be avoided by catheteruation Urates 
can be dissolved by gently n arming before centnlugahzmg, care being 
taken not to heat enough to coagulate the albumm The al umi num 
shield of the centnfuge tube may also be heated Blood can be de 
stroyed by centnfugahzing, pourmg off the supernatant unne, fillin g 
the tube with water, addmg a few drops of dilute acetic aad, mmng 
well, and agam centnfugahzmg, this process bemg repeated imtil the 
blood is completely decolorized Too mu ch a cetic aad will d issolve 
hyali ne casts 

In searchmg for casts the low power obfectiv e should mvanably 
be used, although a higher p ower inay occasion^y be desirable m 
studying details, as, for example, in distinguishing between an epi 
thehal and a pus cast The casts are perhaps most frequently foxmd 
near the edge of the cover glass Their cylmdne shape can best be 
seen by shghtly moving the cover glass while observmg them, or by 
pressing upon one edge of the cover with a needle, thus causmg them 
to roll T^ httle manipulation should be practiced until it can be 
done satisfactorily It wdl prove useful m many examinations 

Various methods of staining casts so as to render them more 
conspicuous have been proposed They offer no spenal advantage to 
one who understands how to use the substage mechamsm of his 
microscope The “negative staining” method is as good as any It 
consists simply m adding a httle India ink to the drop of unne on the 
shde Casts, cells, and other substances will stand out as colorless 
structures on a dark background Some workers tmge the unne 
famtlj with eosm or Lugol’s solution, which is taken up by the casts 

(1) Hyaline Casts — ^Typically, these are colorless, homogeneous, 
semitran sparent, cylmdnc structures, with parallel sides and usually 
rouDded~e nds ydt~^mfrequ^tly~lEe^ are~~mQre~ opaque or show a 
few granules or an occasional cell or oil globule, either adhermg to 
them or contamed withm their substance Generally they are straight 
or curved, less commonly convoluted (Fig 67, p 147) Their length 
and breadth vary greatly, they are sometimes so long as to extend 
aaoss several fields of a medium power objective but are usually 
mudi shorter, m breadth they vary from one to seven or eight times 
the diameter of a red blood cotpusde (Figs 6, 57 and 58) 

Hj’alme casts are the least significant of all the casts, and occur, 
usually m company with pale v’cry finely granular casts, m many 
slight and transitoiy conditions Small numbers are common follow 
mg ether anesthesia m fevers, after excessivre exercise, and m con 
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gestions and irritations of the Kdney. They are always present, and 
are usuallj stained jellow when the urine contains much bile WTnle 
they are found in dl organii; diseases of the kidney, they are most 
important m chronic^ interstitial nephritis Here they are seldom 
abundant, but their persistent presence is a significant sign of the 



Fig 57 — TlytJme wd finely gnnular taste tn unne, a "shtjwtr ot cssts.” At the nppa 
nght IS a raucous shred A portion of sn actual fidd (X 100) 

please SmaU areas of chronic interstitial change are probably respon- 
sible for the few hyaline casts so frequently found in the urine of 
elderly persons 

Very broad hyaline casts commonly indicate complete desquama- 
tion of the tubular epithelium, such as occurs in the late stages of 
nephritis, or the> may originate in relati\ely normal collecting tubules 

X 



Tij 5S — HysLoe and £nr1> granulsrcasUeidarged from Fig 57 (X 350) 

_.(2) Waxy Casts. — Like hyaline casts, these arc homogeneous when 
Ijl^ical, but frequently contain a few granules or an occasional cell 
They are much more opaque than the hyaline variety, and are usuall) 
shorter and broader, with irregular, broken ends, and 
apfiear to be segmented They are grayish or colorless, and ha\e a 
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dull, waxy look, as if cut from paraffin (Figs. 59 and 85, p. 178) 
They are sometimes composed of material which gives the amyloid 
reactions. All gradations between hyaline and wa.r>' casts may be 
found, and doubtless many wa^gr casts are merely hj'aline casts which 
have lain in the kidney tubules for a long time. 

Waxy casts a re found in most advanced.cases of_nephritis, where 
they are an unfavorable sign. They are perhaps most abundant in 
amyloid disease of the kidney, but are not distinctive of the disease 
as is sometimes stated. 

\_(^^ibrinous Casts. — Casts which resemble casts , but have 
a distinctl y yellow, colo r, as if cut from beeswax, are often seen in 
acute nep hritis. They are called fibrinous casts, but the n ame is 
mappropriate, as_they_are_n ot composed of fibrin . They are often 
classed with waxy casts, but should be distinguished, as their sig' 



Fig 59 — Waxy tube cast* {X 350) 


nificance is much less serious. Their color is probably due to altered 
blood pigment. 

Granular Casts. — ^These arc mcjdy— hyalin e casts in which 
n umerou s g ranules are emb edded (Figs. 57, 58, 60, and 61). 

^ Finel y__sra/iular_casis contain many fine granules, arc usually 
shorter, broader, and more opaque than the hj-aline \-aricty, and are 
more^conspicuous. Their color is grajash or pale yellow. 

’^(^arsely R raniihr cast s contain larger granules and are darker in 
color than the finely granular, being often dark brown, owing to 
presence of altered blood pigment- The>’ are usually shorter and 
more irregular in outline, and more frequently ha\’C irregularly 
broken ends. 

^Sy Fatty Casts, — Small droplets of fat may at times be seen in 
any \'ariety of cast. Those in whidi the droplets are numerous are 
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called fatty casts (rigs 6l and 85) The fat globules are not difficult 
to recognize Staining with osmic aad or sudan III (p I3S) will 
remove any doubt as to their nature 

The_granules Midiatdropletsxeea m casts arc chiefly product^of 
epithelial degeneration Granular and fatty casts, ^therefore, ^ajs 



Fig 60— -Coarsely gmnuUr tube costs tig 61 —Granular andfattycastsand tso 
(X JjOI compound granule cells (Steogel) 


indicate partial or complete disintegration of the renal cpitbeliuni 
The finely granular \anety is the least significant and may be found 
along with hyalme casts when the epithelium is only slightly and 
perhaps not seriously affected Coarsely granular , and espeaally fatty 
casts i! present in considerable numbers point toward ajenous 



Fig 62 — Tube casts ccolaunsg lenal ejniljylJal cells tX 350) 


parenchymatous nephr itis^ Brown cranular c asts are most common in 
acut e nei^ltis 

(6) Casts Containing Organized Structures — ^Ils and jgjher 
structures-ar£.fre quently _seen_adheTent to a ca st or emb^ded withm 
i^ When Du mero jK, they give name to the cast ~ 
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\Jl^ Epilhdial casts contaio cp tthel iai cells from the renal tubules 
The cells vary^n ^ze, and are bft^ flattened, 6v3, o7"elongated 
They may be recognized as epithelial cells by irrigating with dilute 
acetic add, which usually brings out the nudeus dearly- Epithelial 
casts always imply desquamation of epithelium, which rarely occurs 



I ~ I 

Fig. 6J.— Tube cuts coouixung pas eoTpuseSa (X 3S0), 

except in parenchymatous__in flammatlons (Figs 62, 84, and 85) 
Whe n the cells are _w^ p re served th ey point to acute ne phritis, 
yjjiysiood easts contain red blood corpusdes , usually much degen- 
erated (Figs 64, 65, and 84). TlTey alway s indicate^hemorrbage into 



Fig 64 — Uood casts, one conUIning a leukocyte, sir free red blood cellsj and two 
renal epitbelial cells From the urine of a duld with acute nephritis (X 300). 

the tubules, w hich is most c omm on in acute ne phritis o r an acute 
exac^batid npf^dironic ne" ^ntis _ 

casts (Figs 63 and 86), com r>o5ed _almost wholly of pus 
corpusdes. are ^u ncommon, and point to a suppurative process mjhe 
kidney, usu^y_a pyd^@mtisr" Casts~~contammg'a few pus jcor- 
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p-usdes, either a\onc_or in comtwnaUon with_e pitheUal or red bloo d 
cells, are common, especially m.acqte ^ n ephrit is ,In these the pus celb 
have no spedal significance 

bacle rtal cas ts are rare. They indicate a^eptic .conditio iL 
m the kidney. Bacteria may permeate a cast after the urine is voided 



Fig —Red blood corpuscles and blood casts (courtesy of Dr A Scott) (obj 4 bud ) 
(Boston) 

Structures Likely to Be Mistaken for Casts. — (1) Mucous Threads 
—Mucus frequently appears in the form of long strands which slighti) 
resemble hyaline casts (Fig 66) They are, however, more nbbon like, 
ha^e less t\ ell-defined edges, and usually show faint longitudinal 



Hg C6 —Mucous Dbreads la unne, Tbese are oltea wrongly cailcd cylmdroids (X 

striations Their ends taper to a point or are split or curled upon 
themselves, and are nc\er evenly rounded, as is commonly the case 
with hyaline casts 

Su^ threads form a part of the nubecula of normal unne, and 
are especially abundant when calcium oxalate crystab arc present 
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When there is an excess of mucus, as in irritations of the urinary 
tract, every field may be filled with an interlacing meshwork. 

Mucous threads are microscopic, and should not be confused with 
urethral shreds or ‘'gonorrheal threads,” which are macroscopic, 0 5 
to 1 cm long, and consist of a matrix of mucus in which many epithelial 
and pus cells are embedded 



Fig 67.—Fnut cyltadroids asd one convoluted byalme cast (X 350) 


(2) Cylindrotds.— This name is sometimes given to the mucous 
threads just described, but is more properly applied to certain peculiar 
structures more nearly allied to casts They resemble hyaline casts in 
structure, but differ in that they taper to a slender tail which is 



Fig 6S — ^Two pseudocasts, One composed oC calaum oxalate crystals, one of unc aad 
(X 300). 

often twisted or curled upon itself {Fig. 67). They frequently occur 
in the urine along with hyaline casts, especially in circulatory dis- 
turbances and irritations of the kidney, and have practically the same 
significance. 

(3) Masses of amorphous urates, or phosphates, or very small 
crystals (Fig. 68), which acddentally take a tylindric form, or shreds 
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of mucus covered with granules, closely resemble granular casts The 
application of gentle heat or appropnate chemicals will serve to 
differentiate them When unne contains both mucus and granules 
large numbers of these “pseudocasts,” all lying in the same direction 
can be produced bj slightly moving the cover glass from side to side 
It IS possible— as m urate infarcts of infants— for urates to be molded 
into cyhndric bodies withm the renal tubules 

(4) Hairs and fibers of wool, cotton, and so forth These could 
be mistaken for casts only by beginners One can easil) become 
famihar with their appearance by suspending them m water and 
examining with the microscope (Hg 81, p 160) 

t^S) Hyphae o! molds are not inlicqucnWy mistaken id hyalme 
casts Their higher degree of refraction, their jointed or branching 



Fig 69— Renal epitbelial cells fnjjn nepbntic anne The four cells below show diffeno* 
grades of fatty desenenstion (X 475) 

Structure, and the accompanying spores wiU differentiate them 
(Fig 82, p 161) 

2 Epithelial Cells. — A few cdls from the epithelium of various 
parts of the urinary tract occur m every unne A marked incrca'^ 
indicates some pathologic condition at the site of their origin It is 
sometimes, but by no means always, possible to locate their probable 
source from their form, notably m the case of vaginal epithehuiu 
One should, however, be extremely cautious about making any defi 
nite statement as to the ongin of any individual cell Most c^s are 
much altered from their ongmal shape, and any may be so granular 
from degenerative changes that the nucleus is obscured Many of them 
contain fat globules They may be divided mto three groups b* 
reporting their presence at least the group to which they belong 
should be recorded 
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(1) Small round or polyhedral cells are about the size of pus 
corpuscles, or more frequently about one third larger, with a single 
round nucleus. Such cells may come from the deeper layers of any 
part of the urinary tract. They arc uncommon in normal urine. 
\\Ticn they are polygonal in shape, rather dark in color, very gran- 
ular, and contain a comparatively large nucleus (Fig. 69), they prob- 
ably come from the renal tubules, but their origin in the kidney is 
not pro^'cd unless they are found embedded in casts. In chronic 
passive congestion of the kidney, in renal infarction, and in hemo- 
chromatosis some of these cells may contain yellow granules of altered 
blood pigment. They are analogous to the “heart-failure cells” of the 
sputum (p. 40). Renal cells are abundant in parenchymatous nephritis, 



Fig 70. — Caudate epitbdiat cells from pel Fig. 71 — rplthelol cells from urethra 
vb of kidaey (Jakob) and bladder a, Squamous cells from super 

ficial layers, b, irreguhir celb from deeper 
layers (Jakob) 

espedally the acute form. They are nearly always fatty — most mark- 
edly so in chronic parenchymatous nephritis, where their substance is 
sometimes wholly replaced by fat droplets (“compoimd granule 
cells”) (Figs. 61, 69, 84, and 85). 

(2) The epithelial cells of the second group are larger than the 
small round cells just described, being two to four times the diameter 
of a pus corpuscle, and have various forms (Figs 70 and 71). Com- 
monly they are pear-shaped, spindle- shap ed, or round, or have tail- 
like processes, and they are hence named pyriform, spindle, large 
round, or ca udate c ells, respecUvely. Each cbntams a round or oval 
nucleus, which generally stands out distinctly and is smaller in pro- 
portion to the size of the cell than is the nudeus of the typical renal 
cell. These _ cells are, for the most part..derived from the tr ansitional 
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epitheb um which lines the b Iadd_CT,_u ieters, and peIves_oUhe U^ey s. 
fienceTthey may conveniently be grouped* together as transifio^ 
cells. Cells of the same general type may, however, originate in the 
prostate and seminal vesicles, and, moreover, some of the superfidal 
cells of the bladder are so thin and flat as to be more properly classed 
as squamous cells. Caudate formsjipj^rently comejnost conunonlj 
from the-peMs of the k ldney.~~' - 

(3) Squamous or pavement cells are large flat cells, each with a 
small, distinct round or oval nucleus (Fig. 71, o). They are derived 
from the superficial layers of the urethra or vagina, and when des 
quamation is active appear in stratified masses. Squamous cells from 
the vagina are especially large, thin, and angular, and are sometimes 
rolled into cigar -like cylinders Great numbers of these vaginal ceils, 



Fig 72 — Squamous epitheliil cells, pt» cotpuKles, and bacteria m urine, vaginal eon 
tacunatiOQ (X 300) 

together with pus corpuscles, may be present when leukonhea exists 
(Fig. 72) The most superfidal of the cells lining the bladder are also 
thin and scalelike and may be dassed with the squamous cells Tbc) 
are, however, generally less angular than are the vaginal cells. 

Pus Corpuscles. — A very few leukocytes are present m nor- 
mal urine, particularly when mucus is present. They are numerous 
only as a result oi a pathologic process The cells are then called pns 
corpuscles and their presence constitutes Although pus 

corpusdes are less weU preserved than are leukocytes and show 
more tendency to form small damps, yet when only a few are present 
the line of distinction between them must be drawn arbitrarily and 
is best based upon the number present, although this depends largely 
upon the care used in preparing the slide Students should be instructed 
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to report “a vei>' few pus corpuscles” when they find an average of 
three or more of these cells to the field of the fi-ram. objective \rith 
5x eyepiece. *nie_gre at m af ority of pus corpuscles are the poly ^ 
mOTphonuclear^leukpc ytes of the^Iood. 

When at all abundant, pus adds an appreciable amount of albumin 
to the urine and forms a white sediment resembh'ng amorphous 
phosphates macroscopically. Under the microscope the corpuscles 
appear as ver^' granular s phe ric cells , about 10 to 12 m in diameter or 
somewhat larger than red blood corpuscles (Figs. 73 and 87, p. 186). 
The granules are p artl y the n orroa^jieutrophilic granule^ partly 
granular' products oT^egeneralion. In frSEly voided iiHne many 
exhibit ameboid motion, assuming irregular outlines. Each pus cor- 
puscle contains one irregular nucleus or several small, rounded nuclei. 
Tlie nuclei are obscured or entirely hidden by the granules, but may 



Fig 73. — corpuscln In arine. A, As onJmirily Sftn At tbe lower left ate two 
ameboid corpu<dc3 The large stnictore at the right b a bit of degeoerated epithelium, 
B, when treated with acetic odd (X 47S). 


be brought clearly into view by running a little dilute a«tic acid 
under the cover glass. This enables one to easily distinguish pus 
corpusdes from small, round epithelial cells, which resemble them in 
sire, but havx a single, rather largp, round nudeus. In moderately 
acfcf urme tie ceW sfroctorc is genecafiy fdsciy tmV pcesenied. Lt 
very strongly add urine the corpusdes may be shrunken and irregularly 
shaped, suggesting ameboid forms. 'When the urine is alkaline thej' 
are usually swollen, very granular, often ragged, and hav'e a strong 
tendency to adhere in dumps; while in decomposing urine they are 
soon destroyed and converted into a gelatinous substance which gives 
the urine a mudlaginous consistence. 

Pyuria indica tes suppuration in some part of the ttrinary trad — 
urethritis, cj’stSUs, pyelitis, and__^so^fotthTM)r may be due to con- 
tammatiorT^from the 'i'aginK^i** which case many ^-aginal epithelial 



cells will also be present Of these conditions, ^rpnicjystitjsjusually 
by far the greiuest amount of pus In general, the source of the 
pus can be determined only by the accompanying structures (epi 
thelium casts) or by the clinical signs A considerable amount of pus, 
appearing suddenly, usually ongmates from a ruptured abscess 
A fairly accurate idea of the quantity of pus from day to day 
may be had by shaking the unne thoroughly and countmg the num 
ber of corpuscles per cubic rmlhmetcr upon the blood counting slide, 
but conditions — ingestion of Tiater, and so forth — must be kept as 
nearly uniform as possible A drop of the unne is placed directly 
upon the slide Dilution is not necessary unless the corpuscles exceed 
20,000 for each cubic millimeter The urme must not be alkaline or 
the corpuscles will adhere lo dumps In cystitis the number of cor 
puscles runs from about 5000 for each cubic railhmeter in nuld cases 
to 100 000 or 150,000 in severe cases 

Pus always adds a certain amount of albumm to the unne, and 
it is often desirable to know whether the albumm present in a given 
specimen is due solely to pus It has been estimated Ibat 80,000 to 
100 000 pus corpusdes for each cubic millimeter add about 0 1 per 
cent of dbumin If albumm is present in much greater proportion 
than this the excess is probably derived from the kidney 

Red DIood Corpuscles —Unne which contains blood is al 
ways albuminous Very small amounts do not alter its macroscopic 
appearance Larger amounts alter it considerably Blood from the 
kidneys is generally intimately mixed with the urim^nd jpves it a 
haz y, red^sh , or brown “smo ky” c olor WTien from the lower urinary 
tract, It 15 not so intimately mixed and settles more quickly to the 
bottom, the color is bnghtcr, and small clots are often presentA 
fur Uier d ue to the site of the bleeding may sometimes be gameJtiy 
havin g the patte nt_vdid his unnt-m three separate portions If the 
blo^ be chiefly in the Jirst portion, the bleeding point is probably lo 
the uretlvra, if in the lastvjtjs probably in Jhe bladder If the bloo<l 
IS uniformly mixed in ^1 three portions it probably comes from the 
kidney or ur eter Microscopically the presence of tube casts or of 
considerable numbers of epithehal cells of the renal type would be 
suggestive, while th e presence of bloo d casts would, of course, 
definitdy_loJjemorrhagejntct4bckidney_tub^es 

Red blood corpusdes usually are not difficult to recognize with the 
microscope However, fat, yeasts, or oxalate crystals (see p 159) 
may cause confusion, and erythrocytes should be positively identiiied 
by examinuig them with the high dry objective When very fresh 
they have a normal appearance, being yellowish disks of umforto 
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size. They are apt to be swollen in dilute and crenated in concen- 
trated urines. When they have been in the urine any considerable 
time their hemoglobin may be dissolved out, and they then appear as 
faint colorless drcles or “shadow cells,” and are more difficult to see 
(rig. 74; also Tigs. 64, 65, and 84). TTie shadow cells are not always 
uniform in size, and, while usually circular, may be oval, pear-shaped, 
or irregular in outline. The microscopic findings may be corroborated 
by c hemical tests for hemoglobinj although the microscope may show 
a few red corpuscles when the chemical tests are negative. When 
the blood alls arc very numerous they are often accompanied by 
yellowish shreds of fibrin of various sizes. 

WTien not due to contamination from menstrual discharge, blood 
in the urine, or hematuria, is always pathologic, and usually, although 
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Rg 74 — Red blood corpuscles in urine* A, Shadow ccUs from a case of nephnUs. B, frcsS 
red corpuscles, C, cremated corpuscles in a unne of high specific gravity (X 47S1 


by no means always, of serious import. A few red blood corpuscles 
may be found after strenuous exercise. Blood comes from the kidn ey 
tubules in s eve re hyperemia, in acute ne phri tis and exacerbation s o^f 
^onic nep hritis, a nd in r enal tuber^osis and malignant d isease 
RenaF hematuria may also be a manifestation of the “bemo^agic 
diseases”; and an “idiopatluc hematuria,” probably of nervous 
origin, has been described Usually, however, the term “idiopathic 
hematuria” covers a failure in diagnosis The urine of healthy infants 
frequently contains red blood corpuscles for weeks at a time This 
has been attributed to slight toxic injury to the kidneys, which are 
particularly sensitive in in/ancy. Blood comes from the pelvis oj the 
kidney in the presence of renal calculu s, of wH!cK ~he ma turia"rs^he 
claisiHl^and'^ost constan t symptom. The bleeding in th is condit ion 
Ts usually Iptermittent, smallTirattiount, and acc^panied by a little 
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pus and perhaps crystals ol the substance forming Uic stone Con 
sidcrable hemorrhages from the bladd er may occur in \csic al calculu s, 
tube rculosis, a nd ncw.g roR.ths Small amounts of blood gcneralh 
accompany acut e c>stit\s In Afnca the presence of Sckilmmi 
hamalobiumjix the veins of the bladder is a common cause of hcraor 
rbage (Egyptian hematuna) 

Addis Cast and Cell Count Method —Addis,* and Addis and OIi\-et* in 
the description of a method for enumerating the casts and cells in a lne!v^ 
hour sample of urine, held that while an apprcaable number of these 
elements may be present m normal unne wide variations occur m different 
types of nephritis 

ilelhod — 1 Save a tn elve-hour sample of unne, which must be measured 
accurately within •*> 2cc 

2 Transfer 10 c c of unne to a special graduated cenlnfuge tube (rig 
72) The narrow tip is graduated for the measuring of small amounts cf 
sediment 



Fig 75 — Addu gnduaUd ceotnfuge tube Fig 76 — Ctloa conaUng clarobw 

3 Centnfugalize for five minutes at ISOO revolutions per minute 

4 Pour oS the supernatant unne and adjust the volume of the remain 
mg fluid with salt solution (1 to5 cc) so that the sediment from the 10 cc. 
of urme can be well distributed in the fluid by mixing thoroughl> with * 
fine pipet 

5 Place a drop of the mixture of sediment in a hemocj tometer and count 
the number of casts in the total ruled area, which represents the number w 
0 0009 c c Also count the erythrocytes and the !euhoc> tes that are foun^ 
ui the same ruled area Repeat this procedure two to ten tunes and tdi 
the number of cells and casts that have been counted 

Calciilahon — The following formula is self explaining Let V *= volucie 
of unne, expressed in cubic centimeters for twelve hours 10 = number cf 
cubic centimeters of unne ceninfugaUxed,a *= volume m cubic centimeters 

I Addis, Thomss A CLmraJ Oassification of Bnebt’s Disease, Jour A® 
Assn, « 163-167 OuJylJ*) 1925 

• Addis, Thomas and OLver, Jean The Renal Lesion in Bnghl s Disease be* 
York F B Itotbei 1931 631 pp 
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of mixed sediment, v *= volume m cubic centimeters m which count was 
made, n = total number of cells or casts counted, N = number of casts, 
or cells m twelve-hour sample 

s V 

N=-XnX— 

V 10 

Normal roZiifs ard 5i^«ijfcaflce — ^Hj-alme casts may number as high 
as 5000 normaIi> in the twelve-hour period, while m nephritis casts of 
various sorts 17123 total 50,000 to 1,000000 Erythrocytes number normally 
from 0 to 500,000 (possibly even 1,000,000), in nephritis there may be an 
enormous increase m the number of erythrocytes in the twelve hour period 
(15 to 400 000 000) Lreuboc3'tes may be normally present, usually the 
number of leukoC3tes does not exceed 1^000,000 in twelve hours In patho- 
logic conditions the epithelial cells and pus cells may number from 2,000,000 
to 50 000 000 It IS evident that with such wide variations m normal subjects 
a dose division between normal and abnormal is impossible 

L>tlle’ has shown that m the unne of children there may normally be 
shghUy more albumm and casts present than m the unne of adults, while 
the count of ervihrocjtcs and leul.ocyles in the unne excreted in twelve 
hours by a normal child will be slightly less on the average than similar 
counts on samples obtained from adults 

Exton* advocated careful estimation of the number of fonned elements 
m the unnary sediment after centrifugation, and has devised a counting 
chamber (Fig 76 p 1S4) to facilitate accuracy 

_/S^Spermatozoa are generally present m the unne of men after 
nocturnal emissions, after epileptic convulsions, and in spermator 
rhea They may be found ta the unne of both sexes following coitus 
The}’ are easily recognized from their charactenstic structure (Fig 
77) The 4-mm objective should be used, with subdued light and 
care^ focusing 

p Bacteria — ^Under normal conditions unne is free from bac 
tena m the bladder, but becomes contaminated m passing through 
the urethra Vanous nonpathogenic bactena, notably Micrococcus 
ureae, which forms cliains like those of the slreptococa, are present 
in old or decomposing unne They are easily seen with the 4-inm 
objective m the routine micriKCopic examination, but ordinarily no 
attempt is made to identify them They produce a cloudmess which 
will not clear upon filtration throu^ paper 

In many infectious diseases the specific bactena may be elimmated 

•Lyttle J D The Addis Sediment ConotmNonnal Children, Jour Gin.Invest]ga 
lion, 12 87-92 (Jan.) 1933 

* Exton W G Quantitative Microscopic Qnnalysts, Jour Lab and Clui Med 
IS 38^404 Oan.), 1930 



in the urine without producing any local lesion Tj^ihoid baalli are 
present in the unne in about 30 per cent of the cases, and ha\e been 
knowTi to persist for months and even years after the attack 

Tuberde bacilli are nearly always present in the urine when 
tuberculosis exists in any part of the urinary tract, and are often 
present in general mihary tuberculosis, but nia> he difficult to find, 
especially when the unne contains little or no pus 

In local nontuberculous infections of the unnary tract, notably in 
acute and chrome pyelitis and tystitis, a \aritty of bactena have 
been found In more than half of the cases the colon bacillus is present 
alone or in company with others Next most frequent are the staph 
ylococci Bacillus proleus vulgarts, BactUtis pyocyaneus, streptococa 
and others have also been encountered 



*howD (X 475) 

y^Detection of Tubercle Bacilli in Unne — In order to avoid thesraegnu 
bacillus the unne should be obtained ascplically by catheter after careful 
cleansing of the parts or by having the patient void unne in three portions, 
only the last being used for the examinalioD 

1 Concentrate the tubercle baalh into a small amount of sediment- 
This may be done bv supp ly ce ntrifugahztag thoroughly at high speed or 
better by the method of Petroff, as follows 

(а) Acidify 100 c c of the unne with 30 per cent acetic aad, add 2 c c. 
of 5 per cent tannic acid solution, and ma 

(б) Piace in the refrigerator for twenty four hours 

(c) Centnfugalire thoroughly at high speed, pipet off the supernatant 
fluid and redissolve the sediment with dilute acetic aad 

(d) Centnfugalue thoroughly once more 

2 Make thin smears of the sediment, adding a little egg albumen u 
necessary to make the smear adhere to the glass dry preferably m tie 
meubator, for three hours, and fir m the usual way 
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Tubercle banlli m onnar) setliment X (Ogden ) 
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3 Siam thoroughly with carbolfodism m the usual way (p 4o) 

4 Wash in water, and then in 5 per cent nitnc aad, until only a faint 
pink color remains 

5 Wash in water 

6 Soak m alcohol fifteen mmutes or longer This decolorizes the smegma 
bacillus (p 51), which is often present in the urine, and might easily be 
mistaken for the tubercle»bacillus Some strains of the smegma bacillus are 
wr) resistant to alcohol It is therefore best to avoid it altogether by 
examining only catheterued speomens, m which case this step may be 
omitted 

7 Wash m water 

8 Apply Locfiler’s methjiene blue solution for a few seconds The blue 
stain should be hght. 

9 Rinse m water, dry between filter papers, and examme with the 
oil immersion objecU% e 

Fluorescent Dye Method — ^The method of stainmg aad fast organisms 
with Auramme 0 and examining with a fluorescence microscope, described 
on page 47, has proved very effective m demonstrating tubercle bacilh m 
unne WTien there are only a few organisms on the slide as is often the case 
m preparations from urmary sediments, they are more easily found with this 
methi^ than with the carbolfuchsio stain 

A careful search of ses-erat smears may be necessary to find the baalh 
They usually he m clusters (Plate Ik*) Failure to find them in suspiaous 
cases should be followed by moculation of guinea pigs this is the court 
of last appeal and must also be sometimes resorted to m order to exclude 
the smegma bacillus Recently culture methods ha\e been devised which 
may proxx useful instead of animal moculation (See Corper and Uyei s 
method p 51 ) 

Detection of Gonococci m TJnne — In acute and chrome gonorrhea 
gonococci can sometimes be found withm pus cells m the sediment, but 
more commonly m the "gonorrheal threads” or ' floaters ” which are 
described on page 147 In themselves these threads are by no means drag 
nostic of gonorrhea They are most common m the mommg or after massage 
of the prostate The floater is fished out, spread upon a slide, dried, and 
fixed by heat- It is then stained and searched for gonococci as desenbed 
on page 589 Recogmtion of the gonococcus m isolated pus cells of the 
sediment is difficult smee these cdls are usually much shrunken The smears 
should be thin and quickly dned 

V^^fethod for Dime Cultures. — ^The tubercle bacillus and the gonococcus 
are generally sought by stammg methods as abo^ e described Other organ 
isms can be found and identified only by culture 

The unne must be collected m a sterile test tube or bottle with es-ery 
precaution to aioid mn iamina finn In the case of females this necessitates 
catheterization In males it will suffice to wash the glans perns and margins 
of the urethral onfice with green soap and water followed by mercunc 
chlonde m I 1000 solution The uzme is then voided and most of it is 
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allowed to escape, only the latter jwtion being saved. A part of this should 
be thoroughly centrifugalked (adding alcohol if the specific gravity is high), 
and stained smears from the sediment should be studied In order to gala 
approximate knowledge of the number and kind of bacteria present Fron 
the remaining portion of the urine cultures should be made upon ptdn agar 
and Endo*s medium, and, if streptococci are expected, also upoHUloo!) 
agar or ascitic-Jluid agar. The amounT^urme to plant in order to secure 
isolated colonies must be judged from the number of bacteria found in the 
preliminary microscopic e.xaminatioo It may be necessary to dilute the 
urine with several times its volume of nutrient broth or ph>'siologic salt 
solution before spreading it upon the media. Upon the other hand, when 
bacteria are verj’ scarce it may be necessary to use the concentrated sediment 
after long centrifugation, but this of course, should not be used if alojhol 
has been added to favor sedimentation. 



Tig 78 —1, Scotex of Taenia tehtHMoceus, showing crown of hooklets, 2, scolex txA ie" 
tachfd hookler* (obj 4 mm ). (Boston ) 

Culture of Tubercle BauUi> — Centnfugalizc a sample of urine for onf 
hour in a IS-cc. centrifuge tube. RemoxT the upper 1-cc. laj'cr with a 
sterile pipet Decant the remainder of the supernatant fliad and add the 
urm$ in pipet to the sediment Mix thoroughly; add I c c. of 5 per cent 
oxalic add and treat the mixture as described on page 51 for the culture of 
tubercle baciUi in sputum according to the method of Corper and Ujei, 

AnfmnI parasites arc rare in the urine. Hookfets and scolicK 
of Taenia^clinococq^^E'ig. 78) and larvae of filariae have been mot 
In Africa the ova, and even adults, of Schistosoma Ji^matohiurn ar* 
common, accompanying “Egyptian hematuria." TrkhotnonaiJpJ''' 
inis i s a not rmcoramon contamination, usually reaching the unn* 
from the vagina or the rectum. Hus and other protozoa may be nus 
taken for spermatozoa by the inexperienced. 
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A worm which is especially interesting is Ansuillula oceli, the 
“Wnegar eel.” This is generally present In the sediment ol table 
\'inegar, and may reach the urine through use of vinegar in vaginal 
douches, or through contamination of the bottle in which the urine 
is ojntained. It has been mistaken for Slrongyhides slercoralis and 
for the larval lilaria. It somewhat resembles the former in both adult 
and larN'al stages. The young lai^'ae have about the same length as 
the larvae of Filaria bancrofli, but are nearly twice as broad, and the 
intestinal canal is comparatively easily seen (compare Fi^ 79 and 
264). 


0 



Fig 79-~Lsrvsof "vincg&f eel” (n tirine, from conUmiutTon; length, 340it, width, IS/i 
Aa qiithelhl ^ from bUdder sod throe leucocytes ve ilso shows 

For fuller descriptions of these parasites the reader is referred to 
Chapter VII. 

C. Extrareocs SraxicTUEES 

The laboratory worker must familiarize himself with the microscopic 
appearance of the more common of the numerous structures which may be 
present from acddenlal conlamioation (Fig. 81). 

Yeast cells are smooth, colorless, highly refractive, spheric or 
ovoid cells. They sometimes rcadj the she of a Icukocj-te, but are 
gcncraby smaber (Jvg. They are often mistaken by the Inex- 
perienced for red blood corpuscles, and more rarely for fat droplets 
or the spheric crj"stals of caldum oxalate, but arc dbtingmshed by 
Uie facts that they arc usually o\‘oid and not of uniform sire; that 
they tend to adhere in short chains; that small buds may often be 
seen adhering to the larger cells; and that thej* do not give the hemo- 
globin test, arc not stained by osmic add or sudan III, but arc colored 
brown by Lugol’s solution, and arc insoluble in adds and alkalis. 
Yeast cells multiply rapidly in diabetic urine, and may reach the 
bladder and multiply there. 



Mold fungi (Fig 82) are characterized by refractive, jointed, or 
branched rods (hyphae), often arranged in a network, and by highly 



Fig: M *— Yeasia and calcium oxalate aystaU In a anne which had been preserved for 
two weeks mth bone aad. Note the buddtog torms which are charactenstic ot tbty»s» 
(X «UJ . 



refractive spheric or ovoid spores They are common in unne which 
has stood exposed to the air Kot infrequently a spore with a short 
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h}T)ha gro^Tiig from it is reported as a spermatozoon The spores 
sometimes tend to form short diams 

Fibers of wool, cotton, hnen, or silk, often colored, den\ed from 
towels the clothing of the patient, or the dust in the air, are present 
m almost every unne They are best identified by companson with 
known fibers which are placed in a drop of water on a slide and 
covered Fat droplets are most frequently derived from unclean 
bottles or oiled catheters Starch granules may reach the unne from 
towels the clothing, or dustmg powders Thej are recognized bj their 
concentnc stnations, which, however, are sometimes difficult to see, 
and by the blue color which they take when treated with weak iodine 
solution Lycopodium granules (Fig 13) may also reach the unne 
from dustmg powders They might be mistaken for the o\a of para 
sites Bubbles of air (Fig 81, A) are 
often confusing to beginners, but are 
easily recognized after once being seen 
Another common source of confusion 
which does not seem to be well enough 
recognized, is pollen from flowerswhicb 
haN e been kept m the sick room The 
pollen granules differ m the different 
speaes, but are generalJv clean cut, 
more or less rounded, light y»Uow 
to brown bodies, and beat bttle re 
semblance to the ova for which they 
are sometimes reported Diatoms from 
the tap water are not infrequently 
encountered, and certain of the elongated forms have b^n mistaken 
for tube casts 

Scratches and flaws m the glass or cover are often most assid 
uously studied by beginners, and are not infrequently reported as 
rare crystals, tube casts or even worms Dirt upon the top of the 
cover (espeaaUy when this is taken diiectly Sroza the ongmai box 
without deamng) is likewise a common source of confusion It often 
takes the form of crj'stals which, because they are more promment 
than the structures m the unne beneath the cover, receive the stu 
dent’s whole attention Fibers of muscle (Figs 81, * and 207) and 
other particles which are evidently of fecal ongm are usually the 
result of acadental contamination, but ma> rarely be present in 
cathetenzed specimens Tb^ then indicate rectf vesical fistula A 
suspicion of fecal contamination may be confirmed bj a strong reaction 
to the urobilm test 



FIz S2 — Aspe'fpUus from unne 
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IV TESTS OF KIDNEY FUNCTION 
With the growing appreaation that it is usually the altered func 
tion of a diseased organ that measures its menace to the patients 
health and that the functional disturbance may be the first definite 
indicator of anatomic changes, much thought has been given within 
recent >ears to the development of methods which seek to ascertain 
whether the kidneys are capable of performing the work which the 
activities of normal hfe demand of them, and to measure the degree 
of msuffiaency when they fail m this respect Such methods afford 
mvaluable aid m the study of kidnej disease and of certain extrarenal 
conditions which interfere with kidnty function and they furnish a 
useful guide to prognosis and treatment as well 

It must be borne m mind, however, that the tests measure func 
tion only, not the extent of anatomic change m the kidney, and these 
do not necessanly go hand m hand even when definite organic disease 
easts As IS well knowm, kidney function may be markedly depressed 
by conditions which arc primarily extrarenal, such as heart jj isease 

rophied piPl. 

the tests may 

show exalted functional activity m early stages of kidney disease. 
Moreover, since the kidney s function is multiple, some phases of ib 
activities may be markedly interfered with while others remain 
normal, and the difcrent tests which do not necessanly measnie the 
same function may sometimes give apparently inconsistent results m 
a given case Tor this reason it is highly desirable that two or more 
of the tests be employed in every case 

No less than fifty tests of renal function have been proposed 
but only a few have received wide acceptance Even t^ simple 
calculation of total solids described upon a previous page, has much 
value in this field Of the more important functional tests the fd 
lowing are perhaps the most useful for clinical work (1) Phenol 
sulfonephthalein test, (2]r Mosenthals test meal for reni function 
Volhard and Tahr concentration and dilution tests, (4j estimation 
of nitrogen retention, and estimation of excretion of urea* O' 
these, the first two are so simple as to be easily carried out m pnwK 
practice The other two demand speaal traimng in the techmc o' 
blood chemistry 

The limitations of these five functional tests and their apphation 
to the study of nephritis and other conditions are discussed at soatf 
length in the section upon NephnUs The following summary of thm 
ooraparative value and speaal fields of usefulness seems to be war 
ranted 


general anen ; 

tate. and cystitis, while upon the other hand, some of 1 
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1 The t^t meal for renal fimction affords, particularly m the 
character of the night unne, the most sensitive indicator of defective 
kidney function, and is espeaalJy useful for ^rlv d ia gnosis of chronic 
i^ph ntis It maj, indeed, indicate grades of functional disturbance 
whi9i are so slight that they may be disregarded 

2 The phenolsulfonephthaiein lest and urea clearance run closely 
parallel, and are most useful in mild , moderate , and s evere g rades^of 
insufiiaency The latter is thought by some, but by no means all, 
of those who have used it to be slightly more reliable, but the former 
IS certainly preferable for practical work because of its simphaty, and 
may be accepted as our most useful test for clinical purposes 

3 The estimatiogoLnitrogcnjetcntion by d ctermmation of blood 
u rea finds its chief usefulness m the latter sta ^ of Udne y disease , 
v.here it_is the_mos t reliable prog nostic si^ ~Tt iTalso usefulTn 
tinguishing passive congestion due to heart disease Owing to the 
wide range of normal variations it fails to yield unmistakable evi 
dence as to the condition of the kidney m slight and moderate grades 
of insufliacncy 

4 Owing to the remarkable reserve power of the kidneys, whereby 
one kidney can, in the absence of any unusual stram, carry on the 
work of the two, btl<i(eral disturbance may be inferred when these 
tests indicate a notable degree of renal insi^aem^, and particularly 
when nitrogen is retained ^VTicn there is a question of untloUral 
kidney disease a speaal method must be employed, and, of the tests 
described here, only the phenolsulfonephtbalem test is apphcable 
Its modification for this purpose is desenbed on page 168 

The table on page 164 shows the values to be expected of the 
different tests in various grades of kidney insufficiency 

I. Phenolsu lfon ephthalein Test. — This test, which was offered 
by Rowntrce and Geragfity m 1910, consists m the intramuscular or 
i ntravenous in j ection o La solution of phenolsulfonephthalem, a drug 
which IS eliminated only by the kidneys, and whose amoi mt m th e 
urme is easi ly e stimated b y colonmej riOnethods The time of its 
first a ppearanc e m the unne, and the quantity eliminated within a 
defmite penod are taken as a measure of the functional capaaty 
of the kidneys The test i s harmless , extremely simple, and for general 
purposes the most^atfsfactoiy of the functional tests Other sub- 
stances— methylene blue, indigo caniune, etc — ^have been used in a 
similar manner, as well as urea and creatmine by mouth, but have 
not met with general approval 

Technic — The original procedure, in which the patient was cath 
fterized when the drug was injected and the catheter was left in place 
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until the drug was detected m the urine, is now seldom followed The 
catheter is still used if there be obstruction to the outflow of unne, but 
ordinarily it is dispensed with, and the procedure is as follows 

J'^Give the patient 300 to 400 c c (about 2 glasses) of water to promote 
secrebon of urine 

Ji!' Twenty mmutes afterward have him empty his bladder and discard 
the unne Then with a hypodermic synnge mject exactl y 1 c c _of t^ stenle 
pbenolsulfonepbth alem solution* intramuscularly, preferably into the del- 
toi37gluteiI7 or lumbar muscles If there be general edema, hmdenng 
absorption, it should be mjected mtravenou sly 

3 In exactly one hour and _t en minute s from the time of the injection 
have the patient empty his bladder and save all the urme The ten_minute 
penod represen ts t he usua l time which elapses_between the injection and 
the first appearance_of th^ye m thejume 

4 In two h ours andj;en_minutes after the mjection have the patient 
empt y his bladder a gam, and save all the urme m a separate contamer 
He shouIdTie under observation dunng the two-hour penod, else it is difficult 
to make sure that he carries out his instructions exactly 

5 Estimate the output of phenolsulfonepbthalem m each of the two 
portions of urme separately as descnbed below 

Es imatioa of Qutpatr— Record the wlume of e ach of the one hour fortions 
of unn e Also embody this information m the report to the chmcian, as it 
may be of importance to him m some instances If either is very low— less 
than <0 c e — results are not dependable To each of the two portions add 
suf fiaent s odium hydroxide solution to brmg ouj_t^ maximum purplish red 
5lor . and estimate thFamount of the drag contamed 10 each by comparing 
thecolor with that of an alkaUnized standard solution The result is recorded 
m terms of the percentage of the amount mjected 

In detail, this is done as follows 

1 In a graduate or volumetric flask dilute each of the one hour spea 
mens of urme with water to about 800 c c , add about See of 10 per cent 
sodium hydroxide solution or enough to bring out the maximum purplish 
red color, and bring each to 1000 c c with water Mix well 

2 Add 1 c c of the phenolsulfonepbthalem solution to about SOO c c 
of W’ater alkalmize with sodium hydroxide and dilute to 1000 c c Smee 
this contams the same amount of the drag as was mjected it may be rated 
as a 100 per cent standard-color solution As a rule no more than 100 c c. 
of the standard solution will be needed, and there usually will be enough of 
the solution left in the ongmal ampule to make this amount 

3 Filter each of the diluted and alkahnized speamens of unne and 
compare with the 100 per cent standard solution m any good colorimeter 
The use of colorimeters is described on page 347 The simple and mex 
pensive Demson laboratory instrument is especially useful for this purpose 

‘ Tlas solution may be obtained of any dnntsist- It »» »ld 10 1 -fcC. uapuJes, stenl 
ised ready for use but it should be noted that these ampuies contain somevhit more 
than 1 C.C. hence one should not inject the entire contents 
7 
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Results with this and the Dubose^ tjpe are most dependable when the 
unknown solution and the standard have nearly the same depth of color 
It IS therefore well to use a SO per cent standard solution made by diluting 
the 100 per cent standard above recommended with an equal amount of 
water and mixing well The Dunning colorimeter. ( Fig 83) consists of 
thirteen sealed ampules containing standard color solutions of different 
percentages an open ampule m which the unknown specimen is placed 
and a small box m which the specimen is compared with the standards. It 
IS very satisfactory for office work becauise the physician need not make 
his own standard solution We have found the colors to remain for over a 
year with very little fading when kept m the dark 

In the absenMjf a co1onme(er..one can easily make up a series of 
standards “representing 10, 20, 30 per cent, and so forth, by diluting the 
100 per cent standard The unknown is then matched against these in t«t 
tubes of the same diameter The s tand^d^splution which matches the 
unknoira indicates the percental of ^cretion example, the first 

hour’s specimen is matched by the 40 per cent standard, and the second 



Fig 83 —Dunning s colonmeter tor the pbenohulfonepblbAlnn t«t of kidney funeWa 

hour’s specimen by the 20 per cent standard, then the pheno!sul^on^ 
phthalein output for tlie two perioils is 40 and 20 per cent, respective!), 
and for the tw^o hours is 60 per cent 

la order to equalize the slight difference m color due to a highly colored 
urine the standard color may be viewed through a faintly yellow tinted 
piece of glass, or an amount of normal unne sufficient to give the desired 
shade may be included in the standard solution For those who do much 
work It is convenient to add a few drops of a solution of some yellow dye 
such as Echtgelb G or tropeolin 00 

When it is necessary to drfer the color comparison for hours or d-iy^ 
the urine must be kept aad, as the color fades m alkaline solution Phu*" 
phone acid is best for this purpose A standard solution made without unoe 
will remain for some months with only slight fading 

-/"Under normal condi tions the drug first appears m the unne lo 
five to eleve n minute s after t h e inie ction Within the first Jiour afw 
it^ppc annce 40 to ^ .per cent is eliminate!^ i n the two hg ui^ Ji: 
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t o 7-S per cent. Pathologically, the excretion ma y be reduced to a 
t race or.e yen,jn^xtreme_cascs._to_no ne at all in the two hours. The 
values to be expected in various grades of kidney insufficiency are 

indicated in the table on page 164. The test should not be applied 

when the patient is taking saline cathartics, as they tend to delay 

excretion. 

Time has proved the great usefulness of this test in every-day 

practice. It will sometimes reveal a serious degree of renal failure 

when other urinary findings are practically normal, but it must be 

remembered that it is a test of functional capadty only, not a meas- 

ure of the extent^oi anatomic cha^nges m the kidney, and that no 
one of the functional tests covers the entire range of the kidney’s 
activities. The test is extremely valuable in diagnosis._and_pro gnos is 
of nephritis, and in tWs connection is discussea more fully on page 
“179. It is most u seful in chronic in ter^itkl nephntls^where the phenol - 
sulfonephthal elh ou tpu t~ru ns faifljr parallel ^th the c ourse of the 
disease . In very early ne pEnHs there may be excessive elimination, 
ow ng pTotSbIy to imtation ancrT\^ra cti6n'orundamaged portions 
of jhe kidney. In .such cases this test should be supplem ented by 
M oscnthal’s test meal for renal function. In acute nephn*tis the 
output does not aln-ays agree wiurtHe"’cljmcal and pathologic picture. 
Particularly is jh ls tr ue in the acute g lomeru lonephritis of scarlet 
(ever, where. the excretion percentagc,may. sometimes be fuiiy up to 
the normal. Ap paren tly_the_test .speaks_ less . definitely concerning 
glome rular changes than tubular. 

The output is low in heart disease with chronic passive congestion 
of the kidneys and rises when the congestion is relieved by improved 
heart action. Low values are also often found in prostatic hypertrophy 
and in cystitis with retention of urine. 

In using the , i ntravenou s . method . Shaw* advocated plotting a 
curve that would represent the elimination at intervals of fifteen 
minutes. By using this method Chapman and Halsted* studied the 
elimination in a number of cases of Bright's disea.'ie by collecting 
Mmples at interv;als of fifteen, thirt^_swty, and one^ hundred, and 
twenty minutes . The total elimination may ^e normal in cases _of 
acute nephritis, but^ri eliminati on of less than 25 per_cent_of,the 
3rug nOl^firat fifteen minutes after its mjcction may be the .earliest 
evidence of renal dis ease. 

' Shaw, E. C.: A Study of the Cnrve diroination of Phenolsulphonephthalein by 
Normal and Direased Kidneys, Jour. UroL, i3 S7S-5‘>1 (June) 1925. 

’ Chapman, C. 11. and HaJsfetl, J. A.: The Vactional Pberrolsufplionepljtlialeia Test 
in Bright's Disease, Am- Jour. Med. Sc., /W^2J-232 (Aug.), 1933. 
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vy^pplication of the Test to the Two Kidneys Separately — ^This requires 
catheterization of the ureters the patient being given two glasses of water 
about one half hour bef irehand and the phenolsulfonephti alein solution 
being injected intravenously unmetliately after the catheters are id place 

The urine is received from the catheters direcllv into two test lubes 
which contain a few drops of 10 per cent sodium hydroxide solution The 
time of first appearance of the dye m the urine, indicated by the appearance 
of a red color m the tubes, is noted, and the urme is collected for one-half 
or one hour thereafter in fifteen minute or half hour periods The output 
of the drug in tach of the specimens is then determmed as already 
described 

Under normal conditions the dye first appears m the urine in three to 
five minutes after intraven ous mie ction although it may sometimes be 
dela"je3 for'" one or both Kidneys as a result of reflex inhibition due to the 
presence of the catheters fl e lota! output for each kidney is more important 
than the tune of appearance This for the two kidneys together is about 
35 to 41 per cent i n fifteen mtnuUs , SO to 60 p e r cent i n the .first hal f hou ri 
and 55 td'SD'per'cent'in ih^firiT hour When one kidney is defective the 
appearance of the drug m the corresponding urme is greatly delaved and 
the total elimination from this kidney is reduced In such cases the other 
kidney may compensate to greater or less degree by increased output. 
WTien the catheters are removed care should be taken to ascertam wheUiet 
any urine has leaked past them mto the bladder This acadent would 
confuse results 

sZ'^est-meil for Renal Function — rollowing the work of 
Hedinger and Schlayer and others Mosenthal has placed upon a 
practical footing a valuable test of renal function which is based upon 
the characteristics of the unne— chielly_YQlucnej>f the night urine and 
variation'* in specific gra vity of two_ hoiir specimens taken dunngthe 
day — when the patTentls upon a presenDed diet 

'\\Tien the kidneys are healthy, the urine which they excrete at 
different penods within the twenty four hours vanes markedly w 
volume and specific gravity These vanations represent the ready 
response of normal kidneys to the varying demands for the elimma 
tion of water or solids imposed by the necessity of maintaining the 
concentration of the body fluids it a constant level in spite of the 
ijecndic. uitaka of. fnod. an/i waiRc kjrte/yjt kbfi nlhet 

hand lose this adaptive power to greater or less degree, and the 
limits withm which they can vary their activities become grcatlj 
narrowed Tlie urine which they excrete consequently remains of 
almost uniform concentration from hour to hour Numerous modi 
fications of this test are now m use, but only the original method need 
be described here 
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Method m DetaiL — Moseptha J onginaUy prescribed a definite, weighed 
and measured test diet but this is no longer thought essential 

\X' Upon the day of the test, and preferably also the day before, place 
the patient upon a full diet suchaslhefolloxiing Breakfast of fruit cereal 
bread butter and tea, coffee, cocoa, or water at S m , dinner of soup 
meat, ^egetabIe3 bread, butter, dessert and lea, coffee, or ^vater at noon 
and supper of eggs, bread, butter, fruit, and tea or water at 5 p ir Afuch 
latitude is allowable a the choice of foods, and in many cases the ordinary 
diet to which the patient is accustomed may be used At least a pmt of fluid — 
tea, coffee, water, etc — must be taken at each meal and no food or bqmd 
of any sort may be taken outside of these meals until after 8 0 dock the 
following mommg 

■JL Instruct the patient to empty bis bladder immediately before break 
fast Collect specimens of unne at 10 a m , 12 noon, 2 pm 4 p m , 6 
p M , 8 p M , and, finally, at 8 o’clock the following rooming It is essential 
that the intervals be exact and that the bladder be completely emptied 
each time Should the hour for the meals be changed, the times of collecting 
the samples 0 / unne should be changed accordingly The last of the two- 
hour specimens must not be collected less than three hours after the begm 
au3g of die evening meal 

Measure the night unne (8r u toSa m) and take its specific 
gravity with an accurate urioometer 

4 Measure the su two-hour speamens and take their speafic gravity, 
first making sure that they are afl at the same temperature, since mis* 
leadmg figures may be obt^ed if some have been kept on tee and some 
at r«^m temperature 

'i/NonnaT^uw — In healib the unnary response is as follows 

1 *nie_nig ht u nne .^all be much le ss_tha n the total d ay_un»e;.^It_is 
usually ^ to 350 cc , and ^ 11 seldom exc eed 40 0 to 500 c c , 750 c c is 
the m aximum T ts speafic gravi ^'will usu^ l y be 1 018 or above 

2 The highesTspeciiic gravity recordedTdr the two-hour day speamens 
will exceed 1 018, xvhile the difference between the highest and the loiiest 
will not be less than 8 or 9 points If, for example, the most concentrated 
specimen has a specific gravity of 1 020, the most dilute will be 1 011 or less 

v/«i^ndjcatJpD8 of Impaired Renal Function. — One or more of the following 
changes may be noted 

>4^ Ncctu rtwl Pdyuria — T be volume of the n ight urine excee ds 750_c c 
This is, u sually one of the fir st and ro^ st definit e eiHd e nces o f tmpmred 
kidney fimction A vo lume between 550 and 75D cc is suspigou s _aij • 
usualliZjndi^tes .im^Iiment A s H W Jones has pointed out, a deter 
minatioa of th e ratio betwe en day_8ndnii^bU^e (p 65} is especially helpful 
in mterpretmg these borderline figures 

^ Zim maximal specific p'avtly of day urme, the highest of the two-hour 
specimens falling below 1 018 

^3 Fixation of specific gravity that is lessened vanations_ia tbe speafic 
graviUt^ of the two hourspecimens. This is a very important sign of renal 
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jnsufSciTOC^ In inar^ed_casM Ihe difference between the highest and lowest 
specificgra' may be only one or two points Asa rule the l evel at which 
the 'pecific gravity la fixed hecomes lower as the fu nction al im^rment 
mcreases and the kidnejs lose their ability to con^trate unne 

Fixation of speafic gravity at a high lev el, near 1 018 or 1 020 may 
occur in acu te nephrit is, chronic jjatcnchymtoua nephritis, and passive 
congestion of the kidney, but is not necess^r^ an ii^ication of d isease 
since It may occur when the patient bas been taking insuffiaeht water or 
when there bas been excessive loss of water through jw^Iiiratign Absorp- 
tion and elimmation of edema at the time of the test, leading to fixation of 
specific gravity at a low level, may also confuse the results 

,J'^oncentratlon and Dilution Tests — Volhard and Fahr 
have suggested two very simple tests for kidney function one meas 
unng concentrating power, and the other, diluting power The con 
ccntration should be done first and twenty four hours allowed to 
elapse before beginning the dilution test 

Concentration Test— Allow no fluids from the evening before the test 
until the test is finished and no food between meals 

Sam, BrwUast Dry cereal with sugar, syrup, or honey, no null 
one egg toast or bread with butter 

12 Noon, Dinner Roast beef, steak, or chops, potatoes, boiled, baked, 
or need bread and butter, jam 

Sp m, Supper Two eggs bread and butler, jam 

Sam oHameday Empty bladder Collect utine in separa-lexoatainep 

.every Jhrceliouts thereafter until night, that IS, at ll.A u,2p.-M,5p « 

8 r M and collect all unoe from 8 p m to 8 a m next morning m one 
container 

Note the quantityjind specific _gravit y of e ach three hour sample and 
of the twelve-hour sample and plot as a curve Normally, the_ s pecifi c 
gravity of at least one sample should^ ^ 

Fishberg' suggested a siniple modifirotion of~the~concentration test 
Have the patient eat the regular evening meal at 6 o’clock with a muiimal 
amount of fluid and a considetablc amount of protein Discard all unne 
voided during the night Save the first sample of unne voided m the momiog 
The patient should rest m bed one hour after awaking and a second samp!® 
of unne should be collected m a separate contamer If possible the patient 
should anse and after one hour s activity a third sample of unne should be 
collected in another container AU three samples of unne may be taken t® 
the Kboralory and examined at about 10 A u If the renal function w u®’® 
paired, the specific gravity of at least one sample of unne will be between 

‘FishbergjA M IlyperteiisioB utd Nephritlt, Ed 3 
1934 p. S« 
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tjons which are possible as a result of eatrarenal causes From the 
studies of Ambard and others it appears that a much better measure 
of the kidney’s abihty to excrete urea can be found m a comparison 
of the concentration of urea in the blood with the rate of excretion in 
the unne, and that it is possible to express this relationship numencallj 
by the so-called “Ambard s coeffiaent *' 

In the calculation of Ambard s coefficient the foUowmg factors are taken 
mto account, and they are represented in the formula by the sjTnbols 
indicated 

D = Urea grams txereUd i« unne tn htenty-four hours This is obtamed 
as follows (1) Give the patient ISO to 200 cc of water (2) One-half hour 
afterward baie him empty his bladder and note the time of completion to 
the minute (3) Discard this unne (4) At the end of an esactly measured 
penod, preferably two hours, have the patient again empty the bladder 
completely (5) Sfeasure this unne exactly and estimate its urea (6) From 
this calculate the number of grams of urea which would be excreted in 
twenty four hours 

C = Urea grams in 1000 ce of unne This is calculated from the above 
estimation 

Ur “ Urea grams tn JOOO cx of Hood The blood is taken from a vein 
ui the middle of the penod dunog which unne is collected, and urea is 
estimated as descnbed on page 36a 

Wt w H eight ej patient, unikout dolhing tn kilograms 

The above factors are combined in the following fonoula, in which the 
6gure 70 is the standard normal body weight in kilograms and 2o is the 
standard amount of urea m grams per 1000 c c. of unne 

Ur 

= CoeffiacnL 



W ilh normal kidneys a coefficient of 0 06 to 0 09 is obtamed, regardless 
of how high the blood nitrogen may nse from diet or other causes When 
the coeffiaent nses above 0 09 an impairment of the power of the kidneys 
to excrete urea is to be inferred 

ilclxan's index is based upon Ambard s coefficient and is perhaps 
more widely used m this couot^ It expresses the same relationship in a 
somewhat more satisfactory manner in that it adopts 100 as the normal 
index, and this falls m proportion to the degree of kidney msuffiaeac> 
instead of nsmg, as is the case with Ambard s coeffiaent McLean’s formula 
IS as follows 

P X Vc~x 896 


WtXUr* 


Index, 
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The following figures represent the values obtained m health 
under ordinary conditions of diet and exerase 

Total nonproton nitrogen 25 to SO mg per 100 C.C. of blood 
Urea n trogerf 12 to IS ‘ ‘ ‘ 

tJric aad 2 to S ' ‘ " 

Creatinine 1 to 2 “ " ” 

In health and disease the concentration of these substances m the 
blood IS the resultant of three vamble factors Intake of nitrogenous 
food, activity of metabolism, and excretory abihty of the kjdne)'s 
To these must be added in certain cases the formation of extensire 
edema or large exudates which “lock up” a considerable amount 
of urea 

Owing to the impracticability of fully controlling the diet and 
accurately measuring the balance of metabolism in clinical svork and 
to the remarkable reserve power of the kidneys, estimations of the 
nonprotem nitrogenous sutetances are of comparatively small \alue 
for detecting and measunng slight grades of bdney disability In more 
advanced grades, upon the other hand, when nitrogen retention is 
sufficiently marked to be unquestioned, these estimations probably 
constitute the most helpful of all functional tests, particularly as a 
guide to prognosis and treatment and as an aid m the difTerential 
diagnosis of renal and cardiac disorders, in the latter of which mtrogea 
does not accumulate m the blood The figures which may be expected 
with this and other functional tests in various grades of kidney 
disability are given in the table on page I&4 

To estimate the degree of nitrogen retention some workers deter 
mine the to tal no n protem n itrogen of the blo od, ot hers r elyjupon 
urea nUrgg en alone It apparently makes little difference which of 
the two is determined, since the results run closely parallel under 
practically all arcumstances Estimation of urea is mudi simpler and 
is therefore given preference here 

Further discussion of nitrogen retention in relation to kidney 
disease, particularly the significana of blood unc acid and creatimnf 
will be found on page 183 Methods of estimatmg nitrogen retention 
are described in the chapter on Blood Chemistry, page 363 

5 Urea Excretion (Ambard's Coefficient, McLean’s IndM* 
Urea Clearance) — ^As has already been stated, the concentration of 
urea in the blood cannot be unreservedly relied upon as a measure 
of slight insuffiaency of the kidneys, owing to the rather wide vans 
• The d sUnclion between urea and urn mirogm must be kept la mind One P*® j 
urea tutrogen corresponds to 2 14 Gia. of urea Blo^ urea U usually recorded m terau 
urea nitrogen 
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4. Dilute 5 c.c. of the urine to SO c.c. with distilled water, and deter= 2 s 
the urine urea nitrogen plus ammonia nitrogen in 5 cc. of diluted un=s 
(0.5 C.C. of original urine) by the urease tnelhotl (see p. 81). 

5. Determine the ammonia nitrogen in 5 c.c. of diluted urine (p. 85). 
Subtract the value for ammonia nitrogen from the v-alue for urine una 
nitrogen plus ammonia nitrogen (4), this equals the urine urea nttro^n (U). 
^Cala'lation —The urea clearance equals the number of cubic cenlimeten 
of blood cl^ed of urea per minute If the quaniity_pf_urine^voided is 
more than 2 c.c. p er minute, the formula used is that for **m aiiinal cleax ^ 

8mc?5 


U (urine urea N, mg per 100 c c.) 


X V (c.c. urine per minute) 


B (blood urea N, mg per 100 c.c.) 

A.i the quantity of urine wcrcted is less than 2.1 e r. per minute t he square 
root law is applied and the formula for “ sundard cle arance" must be used, 
as follu\vs: 


Cf (unne urea N per iOO c c.) . . . * . 

=r; 7 T — ; \ X v V (c.c. unne per mmute) • 

✓ B (blood urea N per 100 c.c) '' ' ^ ' 

i^tgwf / fcgKcg.— Any figure over 40 c .c. m ay_be .con sidered _noTroal. In 
oephritis,_the clearance may E e^betncen 10 and 30 cc. The clea ran c e js 
very low In uremia. 


• The vilurt for the square root of V may be taVea from tbb UUe. 


V 
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n 

0 8 

0 8*^ 


1 14 

1 8 
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0 4 
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0 9 

0 95 

14 

1 18 

1 9 

1.33 

0 5 

0 71 

1 0 

1 00 

1 5 

1.23 

2 0 

1 42 

0 6 

0 78 

1.1 

1 Oo 

1 6 

1.27 

2 1 

1 45 


Clearance tests have also been performed by using other substances 
than urea as the test substance. Iherc has been considerable study using 
/ tttulit: .' Ten grams of this substance in 100 c.c. of sterile physiologic salt 


‘ Atvnrj?, A S , Rubin Jack an.I M*l!er, B F A Direct Cotorimetnc Method for the 
PcierminaUon of Inulm m Hlood ami Unne J Biol Cherti . /J 7 M)g-616 (March), 1939 
Alxine, A S and Mi)W U F. A Practical Mcthml for the Measurement of Glomerular 
Dhralion Rate (Inulin Ch-arance) with an t^nlualion of the Cl.mcal Significance of this 
Determination Arch fnt JfeJ tftf t06-ttS (Aug). 1^40 M,llcr B F Alving A S 
and Rubm. Jack ‘t^e Renal I.actetion of loulin at 1 ow Ph«ma Concenlralions of thii 
Compound and Its ReUlionship to the Ctomenilar nilrallon Rate in Norma!, NephriUc, 
andHypertensitelndinduals J Ocn Invest , f Jan ) 1940 AlWn* A S Dor 

^ ^ ^rurther Notes en"th; SlonSc 

Uon of InuIm m Blood and Unne. Jour Lab and Clin. MecL, 27.-11S-118 (Oct), 1941. 
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McLean has construcled a slide rule bv means of which it is possible 
willi the gi\cn data to work out the index in a few minutes without cal 
culaliun 

/ Van Slyke and his colleagues In\c made complete and accurate studies 
"^of urea e\crciion, wuli a \crs simple formula— 




c standard clearance =* 




In this formula, U = umie urea nitrazen, mg for each 100 c c 
B « Wood urea ittlrogen mg {or each 100 c c 
V = urine tWume, c c Jot each iiiiiiiile 


The average rate was foincl lo be approximately tec for each minute 
and the aigmentation limit abm t 2 cc for each minute When the 
iirme \oIume output is at in> point above the augmentation limit, 2 c.c. 

UV / 

for each minute the formula for “ maximal clearance”, becomes 


The 


average "atim^rd cleiran« a s fou nd tojjc c , the volume of blood 
that 1 c c of unne clears m one minute and the mean ' maximal clearance 
about 75 cc of blood Tor a discussion of the mfliience of IxKly wetj,ht, 
8176 m small children nnd a review of the work of other mvestigators of 
urea e^cretlon, reference should be made to the complete studies ' 


^Urea Cixarance 

The procedure for this useful test for kidney function, which is 
performed while the patient is fasting is as follows 

Withdraw blood by venipuncture and determine the blood urea 
nitrogen (D), as desenhed on page 

^ Have the patient void, completely cmpt> mg the bladder, immei! alely 
afterthe venipuncture 

v3 In exactly one hour, have the patient void again calhetenuns bus 
if necessary, completely emptying the bladder Measure the quantity of 
urine exactly in cubic centimeters and divide bv 60 to calculate the number 
of cubic centimeters per mmule (\') 

^ Studies in ww eicrelion 1 Austin J H Stllrnsn E and Vnn SlyVe B B 

EvJnisvQft, xv»iii*!>*hn.iZ«'v«2Rnj'?*<(txf«’£TO. ^*xli ‘vhiwti. UACilwco) 

1921 II Hotter r McIntosh J F, \an Slyke D D ReUiionsh p Cetweeo tnne 
Volume and the Rate of Urea Tjctel on by Normal Adults Jour Q n Inve<l gautm 
(1 427 -463 (Dec ), I )29 III Mclnlosh J F MclW F \anSlyle P B 
Ilufnce of Rods ‘''m o" Urea Output Jour Uni f«l s,et on <f 167-IS3 fPeC.' I’ ’ 
I\ M6(ler r Mclnlosh J F VanSlytc D U Relationship Rctneen Unnf 

and Rsteof Urea I srrrtion I y I alients »ith nnght « D srase Jour CIn In\csli:»t'™ 

tf48^VfH{Oec1 1927 V Mack*) 1 M The D umal Variation of Urea Cscrtuoa 

in Normal In li i luats and Patieota tvtlh Dnghl a Disease, Jour Clin InvesliKaU®*** * 
•Wo-SlGCDec.) 1929 
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3. Nephritis. — The vanous degenerative and inflammatory con- 
ditions which are grouped under the name of nephritis occupy an 
extremely important place m medicine and deserve somewhat ex 
tended discussion Owing to lack of correlation between clinical obser 
vations and the microscopic structure of kidneys removed at autopsy 
there is no classification which is satisfactory alike to clinician and 
pathologist The forms which are generally given consideration m 
clinical work are few m number, namely, acute nephntis, chronic 
diffuse (parenchymatous) nephntis, chronic mterstitial nephntis, 
which includes the artenosderotic type, and pyelonephntis, which 
represents an upward extension of an inflammation already estab- 
hshed m the pelvis of the kidney In acute diffuse nephntis the injury 
may be borne chiefly by the glomeruli, as in the nephntis of scarlet 
fever, or by the epithelium of the convoluted tubules, as m poisoning 
by mercunc chloride It should therefore be possible to distinguish 
an acute glomerulonephritis and an acute tubular form but the 
distinction may be difficult or impossible in practice except by con 
sideration of etiology In a sense, except perhaps at the very outset, 
nephntis IS always diffuse, since glomeruli, tubules, and interstitial 
tissue are all mvolved to some extent, regardless of which of them 
has sustamed the pnmary and chief injury In the course of a chrome 
nephntis, now one of these, now another, may dommate the choical 
and pathologic picture 

There is a tendency at present to discard the anatomic classifica 
tion altogether Some, following Chnstian, divide nephntis in to acute 
and chrome , with subdivisions of the latter based upon the presence 
or absence of edema or vascular hypertension Addis has dassified 
nephntis as hemorrhagic, d e gene raji^e, wi th desQuamation of rena l 
cells , and artenosclerotic , accornjjanicd by hypertensi^ 

In view of the unfortunate lendenty of many physicians to rely 
solely upon the laboratory report for a diagnosis of nephntis, the 
fact will bear emphasis that here, as m most conditions, the labora 
toty observations furnish only a part of the data necessary for a diag 
nosis Even with every available aid the diagnosis of nephntis may 
be difficult and the designation of the exact type impossible 

In al l forms of nephntis the unne contains albumm an d tube, 
casts These are the classical sr^s, and they r^ain the most delicate 
indicators of pathologic changes in the kidneys although they tell 
httle of its nature, extent, and seriousness The amount of albumin 
IS extremely ‘vanable, depending upon the form and seventy of the 
disease It ranges from traces so small as to be owrlooked in a careless 
examination m many cases of duumc interstitial nephntis, to as 
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solution IS injected slowly intravenously The patient should empty his 
bladder one hour after injection and this sample should be discarded The 
unne is collected at two and three hour intervals and analysed for inulia 
content At one and a half and two and a half hours after injection 15 cc 
or more of blood is taken and cither the serum or plasma examined for loulm 
content There is no claim made that this method should supplant urea 
clearance but it may be useful m clinical mvesugalive work, as this sub- 
stance evidently fs of interest m its relationship to glomerular fil tratioa 
V DisdzSff also has been used for clearance studies W bile inulin is filtered 
out of the blood only by the glomeruli of the kidneys diodrast is filtered 
by both the glomeruli and tubules Smith* stated that in one minute the 
normal kidnejs clear noTgluc^ from the blood but may clear urea from 
as much as 70 c c of blood In the same time 1 25 c c. of blood may be cleared 
of mulin and >00 c c of blood may be cleared of diodrast. 

V THE URINE IN DISEASE 

In this section the characteristics of the unne in those diseases 
which produce distmctue unnarj changes will be briefly reviewed 

1 Acute Congestion of the Kidneys —This regularly occurs as 
an early stage of acute nephntis, but more frequently occurs mde- 
pendently as a result of the temporary irntation of toxins certain 
drugs and so forth The unne is decreased m volume highly colored 
strongly acid Albumin 13 always present, varying from traces to 
considerable amounts depending upon the seventy of the case The 
sediment shows a few hyaline and finely granular casts and occasional 
red blood corpuscles In severe acute wngcstion the unne approaches 
that of ncute nephntis since there is, m fact, no sharp line to be 
drawn between the two conditions 

2 Chronic Passive Congestion of tlie Kidneys — ^This occurs 
most commonly as a part of general v'cnous stasis due to cardiac 
decompensation The volume of unne is somewhat low and the color 
and specific gravity high As a rule, albumin is present in small 
amount only m very marked congestion it becomes more abundant 
As the liver is geneially damaged m cases of long continued vrenous 
stasis moderate amounts of urobilinogen may be found in the unne 
The sediment contains a few hyaline and finely granular casts and 
a few red blood corpuscles and renal epithelial celts may occasionally 
be found Estimation of blood urea fails to show any appreciable 
amount of nitrogen retention m cases of passive hyperemia whereas 
the phenolsulfonephthalem test indicates a marked degree of kidney 
insufficiency which improves when the congestion is relieved 

* Smllh H G Studies in the Pliystology of Use Kidnev Porter Lecture. Umveisit 
of Eftnsas, 1939 106 pp 
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chionde an d th e nitrogenous -waste products typified by urea In some 
cases urea only is retained m others sodium chlonde, and m still 
others both these substances In the case of urea, retention is best 
measured by the exact methods of blood chemistry and is discussed 
at another place Sodi um ch londe retenti on is generally associated 
with edema andjs_n3ost typically seen m chronic dijluse (parenchy 
matous ) nephritis in w hich edema is a cordon ^mplom During a 
period of elimination of cdcma^lhc^^odium chlonde of the unne is 
stnlungly increased The total volume of the urine likewise demands 
attention when nephritis is suspected, being diminished m well-defined 
cases of some forms and mucli increased in others 

The more characteristic features of the unne in the vanous types 
of nephntis which are based on pathologic changes in the kidney, 
are indicated in the table on page ISO and need not be repeated here, 
but the data there set down cannot be relied upon implicitly They 
show what may be expected in tjpical cases The findings are often 
subject to marked lanalions at different periods in the course of the 
same case For example even in typical chronic interstitial nephntis 
there may at times occur marked epithelial degeneration in small 
groups of tubules and these may supply the unne with degenerated 
epithelial cells coarsely gnnular epithelial or fatty casts and other 
structures commonly regarded as characteristic of chronic parenchy 
matous nephritis Many clinicians prefer a simple clinical classification 
as mentioned before 

Perhaps the most useful of all laboratory methods which aid in 
recognizing the disease and m following the progress of individual 
cases when diagnosed are the various functional tests They should, 
however be used with full appreciation that some of the functions 
maj be disturbed while others remain unaltered and that the cfTi 
ciency of the kidneys may be markedly impaired by various extra- 
renal conditions the chief of which arc listed on page 181 Upon the 
other hand, owng to the remarkable reserve power of the kidneys, 
their function is sometimes not appreciably disturbed by actual 
organic disease until the damage is considerable Indeed it is well 
known that in some early cases of nephritis the functional activity of 
the kidne>s may be temporarily exalted owing jirobably to irnlation 
of the uninjured portions Even after the disease is well established 
there ma> be marked divergence bitwccn the functional derangement 
and the recognizable anatomic lisions niis is particularly true in 
acute nephntis and m the earlier stages of chronic diffuse (parenchym 
atous) nephritis 

Of all the means of estimating renal function, the pfienotsuljone^ 
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high as 3 or 4 per cent in exceptional cases of chronic parenchymatous 
nephritis Urine containing more than 2 per cent of albumin solidihes 
upon boiling Upon the other hand as has already been emphasi7ed, 
albumin may be present esen in ronsidtrable amount m man} con 
ditions other than nephritis— a fact not wll enough appreciated by 
the a\erage practitioner The presence of tube casts has also been 
popularly ascribed greater signiiicance than is warranted, espeaally 
m differentiating the se\cral forms of nephritis A few tube casts of 
the h}aline and finely granular \arietics arc often encountered in 
routine examinations and mav point to nothing more than some 
slight temporary irritation or arculatorv disturbance in the kidnc} 



rliapc nrphntJ8 Red blood rorpuscles leu 
kocytea renal cell« not (aitily He^eDerated 
ep iheljil and blood cuts (Jakob) 



Fg S', — Sfd men» 'rom chrome pawn 
ch>'matflus nepbniis Uyilme fwilh rclls 
autchcdl wixy bro\n Rranuhr laity 

and qilheli) tosis fill'y degenerated 
renal rxlb t n I a few white and red blood 
corpuvdes (Jakob) 


or the sclerotic change incident to old age Keaerthcless, th^presen« 
of casts ahvaj ^indicates so me distu rbance m the kidnejs, and Ihar 
coiilitiuel presence slioillT arouse strong suspicion oj nephnlis unless 
other adequate cause is obsious hluc h_mor e si gnifican t of^phritis are 
coarsely granular, fat^^ cpitheha], and Wo^ casts 

In addition to casts the microscope may rc\eal, according to 
the varict} of nephritis, red blood corpuscles usually in the form of 
“shadow cells”, ren^ epith elial cells more or le ss degenerated, and 
small or moderate numbers of pus corpu scles 

An important feature‘~of n'ephritis is the iailu_re of the kidne>'S 
adequatel} to_c xcrete normal solids , which results m an accumulation 
of these substan^ in the body Cluet interest attaches to sodium 
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phthalnn test has found \7idest acc^tance, partly because Jt has been 
so long m u^ that its reliability is well established partly because it 
IS easily earned out in office practice without need of speaal apparatus 
or unusual skill 

As has already been indicated the normal kidneys excrete 60 to 
75 per cent of the dye m the two hour penod allowed for the test 
A fall to 40 per cent indicates impaired function and demands senous 
attention, although it does not necessarily mean nephritis Reduction 
to 20 or 30 per cent is the rule m well marked cases of nephntis, 
while excretion of less than 10 per cent may usually be interpreted as 
forecasting an early fatal termination Exceptionally, deaths from 
uremia ha%'e occurred when the output was as high as 40 per cent 
This like most of the functional tests 6nds its greatest usefulness m 
the study of chronic interstitial nephntis the form of kidney disease 
which is most often met in general practice and in which the urinary 
changes are least striking Here the phenolsulfonephthalem output 
appears to be a very satisfactory index to the extent of the pathologic 
changes in the kidneys In some cases a greatly lowered output may 
be the most sinking evidence of a veiy senous kidney condition 

Despite its unquestioned usefulne^ in the diagnosis and prognosis 
of neplmtis the test has certam limitations which are too frequently 
overlooked m practical work The chief of these, some of which are 
shared by the other functional tests, are 

(fl) Entirely normal or even mereased excretion is sometimes noted 
m acute nephntis especially m acute glomerulonephntis 

(5) In certam other cases of acute nephntis extremely low excre 
tion reduced almost to aero, which m chrome nephntis would pomt 
to an inevitable early fatal outcome, may exceptional!} be followed 
b} complete recovery 

(c) For a short penod at the outset of a chrome nephntis there 
may be exalted ren^ activity, with an output of 70 to 85 per cent 
There also may be an increased output m hver disease 

(d) Low excretion, exceptionally as low as 10 to 15 per cent is 
the rule m cardiac decompensation with chrome passive omgestion of 
the kidneys and this nses rapidly when the congestion is reheved b\ 
unproved heart action 

(e) In chronic diffuse (parenchjmatous) nephntis although the 
output IS sigmficant, it sometimes presents mexphcable v anations 

The lest meal for renal ftmehon first advocated in this country b} 
Mosenthal appears to be espeoally u^ful for the detection of very 
early kidney disease since it may give definite evidence of renal 
disturbance at a tune when the other functional tests still indicate 
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onstratcd in blood serum before there is lowered excretion of phenol 
sulfoncphthalcin or m some instances before the kidney has lost its 
abi!it> to concentnte unne to a spcallc gravity of I 025 or more in 
the concentration test 

In chronic passive congestion of the kidncjs the blood urea and 
nonprotein nitrogen undergo little or no change Their estimation, 
therefore, taken in conjunction with the phenolsulfonephlhalein test, 
which gives low values in this condition, may be of great service 
in cardiorenal conditions as a means of separating primary renal 
disease with secondary cardiovascular change from secondary renal 
disturbances resulting from passive congestion due to a poorly com 
pensated heart lesion 

The pnnapal substances concerned in " nitro gen retention” are uric 
aad,^ urea , and cmtimne It is believed b> some, following the work of 
Mj*ers Fme and Lough, that estimation of these substances separately 
gives the best insight into the renal condition According to their view 
there is a definite order in which the substances are retained Thus damage 
to the kidne>’8 is first manifested functionally b> r^enuon of_u nc acid 
and mcrense of this substance in the blood may there7om~be the esHiest 
sign on.T3ney discase'espcclally of chronic interstitial nephritis Of course, 
olheTsoufees of_unc acid «cumufaiion such w goutijnu^be excluded 
As the disease progressSs urea also begins to accumulate aoennienTHe 
function is markedly dcpresscil all three substances are relamed According 
to MjTrs and Lough, the creatinine concentration in the blood is the surest 
g uide to a s enous prognosis a ny appreciable retenUon indicating a grave 
disorder ofThe renal function Jsot all however, have found the creatinine 
values so significant In this connection it is necessary to recogni/e the work 
of Behre and Benedict,* which indicates that there may be no creatmine 
m the blood, and that the substance which has been thought to be creatmme 
is some unknowTi substance which reacts m a similar manner in the methods 
now in use This does not necessarily overthrow the conclusions regarding 
the value of the determmalions. 

The blood picture in nephritis may for convemence be mentioned 
here In chronic interstitial nephnlis the blood usually exhibits the 
changes charactenstic of a moderate secondary anemia, which may 
become fairly marked as the disease progresses If cardiac decompen 
sation supervenes the red corpuscles and hemoglobin tend to nse to 
normal or even abov e In chronic diffuse (parenchymatous) nephritis 

* Behre J A and Bcned ct, S R Stud es n Creatine nnd Creatin ne Mrtabol sm 
IV On the Question ol the Ocaimoee ot Cmtimne and Creatine In Blood Jour Rio! 
Chem. U-33 (llay) 1922 
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normal or exalted function The method is simple enough to be 
readily earned out m private practice The pnnciple of the test and 
the exact procedure, together with the findings under normal condi 
tions are described on page 168 In chronic interstitial nephntis the 
findings after the test diet are remarkably constant The earliest sip 
IS usually nocturnal polyuna — night unne abo\e 600 or 700 cc — 
and this may be noted when there are no other evident signs or 
only a trace of albumin and a few hyaline casts in the urme This is 
followed somewhat later by a lowenng and a fixation of the speolic 
gravity, both of which changes gradually become more marked as the 
disease advances In advanced cases the specific gravity of the two- 
hour speamens is fixed at about 1 010 or lower, with maximum vana 
tion of only 1 to 3 points In chronic dilTuse (parenchymatous) 
nephntis the unnary findings after the test meal are variable 

The simple concentration and dilution tests mentioned on page 170 
are also very valuable in detecting chronic nephritis 

As has been stated m previous pages the degrte of nttrogtn releft 
Uon m the blood has come to be relied upon as an index of the func 
tional efSaency of the kidneys This is of great value m the diffcren 
tial diagnosis of well-established cases and is espcaally useful in 
prognosis since it serves as a direct measure of the tendency to uremia 
even though the true nature of uremia and the particular substance 
which may be responsible for it are alike unknown The methods 
used for estunation of nitrogen retention and the normal values hare 
been discussed on page 170, while the figures to be expected in pro- 
gressive grades of kidney disturbance arc given m the table on page 
164 ^Vhlle a nonprotein nitrogen concentration above 90 mg foe 
each 100 c c of blood or urea nitrogen above 65 mg is a reliable 
sign of a grave outlook, the figures generally accepted as indicating 
slight grades of renal insufficiency (for example, nonprotem nitrogen 
30 to 45 or urea nitrogen of 16 to 27 mg for each 100 cc of blood) 
cannot be relied upon unreservedly, since, owing chiefly to excess of 
protein in the diet, they may exceptionally be equaled when tbe 
kidneys arc normal Upon the other hand since the kidneys have a 
capacity for the excretion of urea far in excess of norma! demands 
they may be able to prevent accumulation of nitrogen even when 
senously damaged 

The work of Wakefield Power, and Keith' indicates that m 
early renal msufiiaency the retention of inorganic sulfates may be dem 

‘WtkefieW H G Power M H and Kdlh N M Inorganic Sulphates fa 
Serum b Early Renal Inaitfficiency Significance d DeteriDlnaUons Jour Am 
Alia, P7-91J-917 {Sept. 26) IMl 



THE TOINE IN DISEASE 18$ 

side, Tvith consequent change in the urinary findings, occurs, according 
to Braasch, in about 10 per cent of cases 

6. Malignant Tumors of the Kidney. — Hematuria, intermit- 
tent or constant, moderate or very marked, is the only urinary sign 
which occurs with any degree of regularity- It is observed at some 
time in the course of practically all cases, and in probably three 
quarters of them it is the first definite symptom. 

7. Renal Calculus. — The urine is usually somewhat concen- 
trated, with high color and strongly add reaction. Small amounts of 
albumin and a few casts may be present as a result of kidney irrita- 
tion. Blood is frequently present, espedally in the daytime and after 
severe exerdse. Crystals of the substance composing the calculus — 



Fig 86 — Sediment from calculous pyelitis: Noffierous pus corpuscles, ted blood cor 
pu'des. and caudate and irregular epitbdal cells; a combination of fayalme and pus casts 
and a few uric acid crystals (Jakob). 

uric acid, caldum oxalate, cystine — may often be found in the freshly 
voided urine (see Sulkowitch test, page 132). The presence of a cal- 
culus generally produces pyelitis, and variable amounts of pus then 
appear, the urine remaining add in reaction. 

8. Pyelitis. — In pyelitis the urine is slightly add, and <»ntams a 
small or moderate amount of pus, together with many spindle and 
caudate epithelial cells. These findings may be intermittent, owing 
to occasional blocking of the ureter on the diseased side. Pus casts 
and also other forms may appear when the process extends up into 
the Hdney tubules as is usually the case (Fig 86). Albumin is always 
present, and its amount, in proportion to the amount of pus, is 
decidedly greater than is found In cystitis. This fact is of much %’alue 
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the anemia is much more stnkmg, red corpuscles often falling to 
2,500000 and hemoglobin sinkmg to a corresponding level Brown' 
considers this of grave prognostic significance, mdicating mjury to the 
bone marrow There may be moderate polymorphonuclear leukocy 
tosis late in the disease 

4. Amyloid Disease of the Kidneys — Here the pathologic 
picture IS that of a chronic nephritisplus a deposit of amyloid matenaJ 
m the glomerular tufts and interstitial tissue The unne is abundant 
of low specific gravity, and fairly rich m alburmn and globulin Urm 
ary solids are not generally much decreased unless the disease is far 
advanced Casts appear m variable numbers These are chiefiy 
hyaline, but granular, waigr, and occasional fatty casts also occur 
The waxy casts are regarded as most tjTucal, although contrary to 
an old belief, they are rarely composed of true amyloid matenaL 
There may be marked retention of Congo red or vital red as referred 
to on page 334 

S Renal Tuberculosis — ^In early cases the urine may be prac 
tically normal in appearance, but is more frequently pale and some 
what cloudy from tie presence of a small amount of pus Pyuna wth 
no bacterial growth in ordinary cultures is strongly suggestive of 
tuberculosis The volume may not be affected, but is apt to b« 
increased, the reaction is aad, and there are traces of albumin and a 
few renal cells In advanced cases or those in which the pelvis of tie 
kidney is involved in the tuberculous process, the unne is usunJi) 
pale, cloudy, and alkaline, has an offensive odor, and is imtating to 
the bladder In such cases albumin ond pus are always prc'est 
though frequently not abundant The pus is generally intimately 
mixed with the unne and does not settle so quickly as does the pus 
of cystitis Casts though present, are seldom abundant, and are 
obscured by the pus Traces of blood are common Tubercle badln 
are nearly always present even when the pus is extremely slight and 
their detection is essential for the diagnosis In most cases they can 
be found by appropriate staining of the sediment (p 156) Theposs 
bility of confusion with the smegma bacillus must of course, be Irfpl 
m mind In other cases moculation of guinea pigs will be necessary 
This method of detecting tubercle baalli, which is descnbecl on pa? 
607, is so simple and so trustworthy that it should be resorted totf 
all doubtful cases 

Temporary or permanent occlusion of the ureter on the disease 

• Brown C E and Roth Grace M The Anemia cf Chronic Nephiitls, Arch- 
Med JO 817 840 (Dec) 1922 
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m ordinaiy cystitis With neoplasms especially, considerable hemor 
rhages are apt to occur Pariides of the tumor are sometimes passed 
with the unne No diagnosis can be made from the presence of isolated 
tumor cells. In tuberculosis tubercle bacilli can generally be detected 
11. Diabetes Insipidus — Characteristic of this disease is the 
continued excretion of \cry large quantities of pale, watery unne, 
containing neither albumin nor sugar The speafic gravity vanes 
between 1 001 and 1 003 The daily output of sohds, espeaally urea, 
IS increased 

^12. Diabetes Melittus. — ^The twenty four hour quantity of unne 
IS \ery large as a rule, usually 4 or S liters m severe cases and in 
general the \olume vanes directly with the percentage of sugar 
Exceptionally it is above 25 liters The color is generally pale, while 
the speafic gravity in untreated advanced cases is nearly always 
high — 1 030 to 1 050, very rarely below 1 020 Sometimes in mild or 
early cases the urine vanes little from the normal m quantity, color, 
and specific gravity, and even very low specific gravity does not 
exclude diabetes 

The most charactenstic sign of the disease is the presence of 
dextrose in the unne In the vast majority of instances glycosuna 
means diabetes In some extremely mild cases the amount is very 
small and can sometimes be delected only in portions of unne secreted 
several hours after a meal rich m carbohydrates, m ordinary mild 
cases the unne regularly contains sugar, but can be rendered sugar 
free by the withdrawal of carbohydrates from the diet, in severe 
cases the glycosuna continues even when the carbohydrates are 
completely wnthdrawn The amount of dextrose m severe cases is 
usually 2 to 4 per cent and may even exceed 8 per cent, while the 
total elimination may be 600 Cm in twenty four hours Acetone is 
^nerally present in moderately advanced cases espeaally when the 
carboh) drate intake is restneted Diacetic and oxybutync aads may 
be present m the more severe cases and, if persistent, usually warrant 
in •flnlavoiaVie pic-gncftis Thty are nsponsjyft Jtn tht aadosis xviniij 
so frequently accompanies this disease and which may reach its 
culmination m diabetic coma Accompanying the aadosis there is a 
corresponding increase in amount of ammonia, and, m general, esti 
roations of ammonium salts will serve as an index of the degree of 
aadosis in diabetes 

13 Renal Ql>cosufia —Recent studies indicate that this con 
dition sometimes wrongly called renal diabetes is more common than 
has been recognised The essential feature appears to be a lowering 
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in differential diagnosis. Even when pus is scanty albumin is rarely 
under 0.15 per cent, which is the maximum amount found In Q^liUs 
with abundant pus 

Bacteriologic studies reveal the colon bacillus in about half of the 
cases Staphylococci, Bacillus Proteus vulgaris, and others have been 
found 

9. Cystitis. — In acute and subacute cases and in many chronic 
cases of moderate se\erity the urine is acid and contains a variable 
amount of pus, wth many epithelial cells from the bladder — chiefly 
large round and pyriform cells Red blood corpuscles are often nuincr 
ous Albumin is present in small amount — ^less than 0 15 per cent 



Fig 87 — Sedunmt (rom eyititis (chronk) Numerous pus corpuscle*, ep'thplulft^ 
from tbe bladder, and bictena, a few red bkod corpuscles and inple phosphate *od «»• 
manluin biunte crystals (Jakob) 

Of the micro-organisms, the colon bacillus is most frequently found m 
these cases 

In neglected chronic cases and those due to prostatic obstruction 
the urine is generally alkaline It is pale and cloudy from the presence 
of pus, which is abundant and settles readily into a visad sediment 
The sediment usually contains abundant amorphous phosphates ^ 
crystals of triple phosphate and ammonium biurale (Fig 87) Vesieu 
apilhehum Is comnusn. Kunsaeous bacterra are aJ«aj^ present and 
they may be of many varieties: BacUlus coli. Bacillus proteus vuli^uh 
Staphylococcus aureus and albus, and others. 

10. Vesical Calculus, Tumors, and Tuberculosis.— '11''** 
conditions produce a chronic cystitis, with its characteristic uri^ne. 
Blood, however, is more frequently present and more abundant tain 
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Preliminary Considerations — The blood consists of a fluid of 
complicated and variable composition, the plasma, m which are 
Suspended great numbers of microscopic structures namely, red cor 
puscles, white corpuscles, blood platelets and blood dust 



Fig S8 — Bas rel ef pholotmciogtaplis of blood corpuscles normal b concave disks, 
shallow tHn corpuscles id b/pocbroffl c anem a Spheroci-tes of congenital hemolyt c 
icterus (courtesy R L, Hadea) 


Red corpuscles or erythrocytes, appear as biconca\e disks (Fig 
88), red when tiened by reflected li^t or in thick layer, and straw 
oilored when viewed by transmitted hgbt or m thin lajer They give 

>89 
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of the renal threshold for sugar* The unne contains su^r, some 
times continuously, sometimes only after meals, while the blood sugar 
remams within normal limits Renal function is normal as regards 
the phcnolsul/onephlhalein test The patient’s health is affected little 
or not at all, and the condition may probably be regarded more as an 
anomaly than as a pathologic entity 

^ Lr-ns, D S IL O Rnal Ci&betta, BuTl Johns Hc^kins Hosp 

Zl IS3-I3S (hfay) 1916 Beard, A. IL, and Crave, F Kenal Clycosuna, Arch. lat 
Med, 2/ 705-715 (June) 1918. See aho Schnadermas H Renal Glycosuria, Jov 
Am Med Aasn.. SO 825-823 (March 24), 1923 
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While corpuscles, or leukocytes, are less highly differentiated cells. 
There are several ^^arieti’es They all contain nuclei, and most of 
them contain granules which vary in size and staining properties. 
They are formed chiefly in the bone marrow and lymphoid tissues. 
Their function is not fully understood. It appears to be concerned 
chiefly with the protection of the body against harmful agencies, in 
part through phagocytosis, in part through production of antitoric 
substances and of ferments which play an important rfile in pathology. 

Blood platelets, or blood plaques, are colorless or slightly bluish, 
spheric or ovoid bodies, usually about one third or one half the diam- 
eter of an erythrocyte, sometimes even as large as an erythroiyte. 
They appear to be constricted-off portions of the pseudopodia of 
certain giant cells of the bone marrow. Their function is not fully 
known, but is in some way connected with coagulation. 


Fig W — Unstained red blood cells, showing crenation (Stengel and Fox; draim under Jj 
rection of C V. Wbte} 

The blood dust of Muller {liemoconia) consists of fine granules 
which have brownian motion. The larger granule^ resemble micro- 
cocci. Little Is known of them and they are given no consideration in 
clinical blood e.xaminations. Most of them are probably minute fat 
globules, others granules from disintegrated leukocytes. 

The total amount of blood, as shown by the method of Keith, 
Rowntree, and Gcraghty/ a^'e^lgcs about one twelfth of the body 
weight. Roughly it may be put at 85 c.c. for each kilogram (2.2 
pounds) or about 5 or 6 liters for the awrage adult. 

The reaction is faintly alkaline and is maintained throughout life 
at a remarkably constant level, as is explained In the section on 
Acidosis (p. 6k8). 

* Keith, N. M., Rowuiree, L G., tnd Gmghty, J. T ; A ilelbod for the Determia*- 
tioa of riuina aad Blood Volume, Arch. Iht. MoiL, /d'5tt-S7d (Ocl), t91S. 
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the blood its red color They are cells which have been highly differen 
tiated for the purpose of carrying oigrgen from the lungs to the tissues 
This IS accomplished by means of an iron bearing protein, hemo- 
globin, which thej contain In the lungs hemoglobin forms a loose 
combination with oxygen, whidi it readily gives up when it reaches 
the tissues Normal erythrocytes do not contain nuclei They are 
formed from preexisting nucleated cells in the bone marrow Their 
life judged from the length of tune that transfused corpuscles remain 
in the orculation in anemia axerages about eighty three days (Wearn 
\\ arren and Ames) ‘ * The total volume of the red corpuscles is 
slightly less than half that of the blood 

If a small drop of blood be taken upon a clean slide and covered 
with a clean cover glass the red corpu^es m the thicker portions of 
the preparation will often show a striking tendency to he with o\er 



Fijf 81— Unstained red blood cells ahoirins rouleaux format on fStengel and Fox drm 
under direction of C> V Ubite) 

lapping edges hke piles of coins which have been tilted over (Fig 89) 
This IS called rouleaux formation It has no clinical significance 
Also m such preparations of fresh blood, many of the red corpuscles 
are seen to be globular in shape and covered with knob or spinelike 
processes (Fig 90) This is called crenation and has little or no clinical 
significance It is favored by concentration of the fluid due to evap- 
oration at the edge of the cover Crenated corpuscles are often seen 
m concentrated urme and other body fluids and should always be 
recognized 

* Wren) J T., Warren Sylna, and Ames Obna Tire T englh of T fe of Transfa^ 
Erythrocytes n Patients with Primary and Secondary Anemia Arch. lat Med 
S27-S38 (Apnl) 1922 

• Ashby Winifred The Present Status of the Question of the Lenzth of Life cf tir 
Untgjlutinable Transfused Red Blood Corpuscle Arch Int Med., 43 4S1 4S9 (Oct) 
1924 
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and to increase the amount of blood m the part After allowing suffi 
aent time for the circulation to equali/e, the skin is punctured with 
a blood lancet (Fig 91) (of which there are se\eral patterns upon the 
market) or preferably with a short, stout, sharp, three cornered 
needle, which is known as a glover's needle This may be fixed m the 
cork of a small vial that contains some antiseptic, such as a 5 per 
cent solution of phenol, or a solution of one of the noncorrosive mer 
cunal compounds which keeps the needle sterile It should be rmsed 
m 50 per cent alcohol before it is used The puncture is practically 
pamless if properly done with a sharp needle It is made vnih a firm, 
quick slab, which, however, must not be so quick nor made from so 
great a distance that its site and depth are uncertain The depth may 
be guarded with the thumb nail if the lancet is not provided with a 
guard, but this should not be necessary The first drop of blood 
which appears should be wiped away, and the second used for exam 
malion The skin at the site of the puncture must be dr> , else the 
blood will not form a rounded drop as it exudes The blood should not 





Fig 91 •-'DaUnds blood Isficet. 

be pressed out, since this dilutes it with serum from the tissues, but 
moderate pressure some distance above the punctufe is allowable 

Method of Obtaimog Blood from a Vein — Cleanse the skin at the bend 
of the elbow by nibbing well with 70 per cent alcohol, and mpe the skm 
dry with absorbent cotton 

Bind a rubber bandage firmly around the upper arm The end is tucked 
under the last round m such a manner that a slight pull will release the 
bandage W ith a rubber bandage one turn will suffice (Fig 92) The cu5 
of the blood .nressure ajioaratus answers admirably Instead of a bandage 
It Will often be sufBaent for an assistant or even the patient to grasp the 
upper arm firml> 

Have the patient extend his arm f«Il> and open and close the fist a few 
Umes to cause the veins to become distended Even if not seen they can 
usually be felt as cords beneath the skm In fat persons veins w hich show as 
blue streaks are usually loo superficial and loo small Grasp the forearm 
wath the left hand, drav\ the skm tense with the thumb, and insert a sterile 
hj-podermic needle attached to a stenie s>Tinge into anv vcm that is prom 
ment The needle should be large — about 19 to 21 gauge It should go 
through the skm about 3 mm from the vxm with the bev’cl at its tip upper- 
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The color is due to the presence of hemoglobin m the red cor 
pusdes, the difference between the bnght red of artenal blood and 
the purplish red of \enous blood depending upon the relative pro- 
portions of ox*} hemoglobin and reduced hemoglobin The depth of 
color depends upon the amount of hemoglobin In very severe anemias 
the blood may be so pale as to be dcstpiated as “watery " The forma 
tion of carbon monoxide hemoglobin m coal gas poisoning gives the 
blood a bright cherry red color, while formation of methemoglobm in 
poisoning with potassium chlorate and certain other substances gives 
a chocolate color 

The dear, pale, straw colored fluid which remams after coagula 
tion (p 195) and separation of the dot is called serum In the serum 
are found the numerous substances which the tissues elaborate for 
protection against bacterial and other harmful agents In most cases 
these substances, or "antibodies ” are elaborated only when the 
harmful agent is present m the body, and they are “specific," that is 
thej are effective only agamst the one disease nhich has called them 
forth A test for the presence of the antibody is, therefore, a test (or 
the existence of the particular disease The \anous tests based upon 
these pnnaples have within recent years become a xery important 
part of clinical laboratory work They arc discussed m the chapter 
upon Serodiagnoslic Methods 

Clinical study of the blood may be discussed under the following 
beads I Methods of obtamiog blood for examination II Coagula 
tion III Hemoglobm IV Enumeration of erythrocytes V Color 
index VI Volume index VII Enumeration of leukocytes VUI 
Enumeration of blood platelets DC Study of stained blood X 
Speaal blood pathology XI Miscellaneous methods XII Iso- 
hemagglutination groups 

I METHODS OF OBTAINING BLOOD 

For most chnical examinations indudmg cell counts and hemo- 
globin determinations, blood js best obtained from a vein However 
for making differential counts, and also for the enumeration of cellular 
elements it may be obtained from the lobe of the ear, the palmar 
surface of the tip of the finger, or, in the case of infants, the plantar 
surface of the great toe or of the heel In the case of the ear, the edge 
of the lobe, not the side, should be punctured With bed ndden 
patients the finger will be found most convenient, otherwise the ear 
is preferable, as it is less sensitive An edematous or congested pad 
should be avoided, also a oild, apparently bloodless one The site 
should be well rubbed with alcohol to remove dirt and epithelial dfbns 
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if required. // the needle be sharp and smooth the procedure causes the 
palient surprisingly little incon^’enience, seldom more than does an ordinary 
h>'po(lermic injection Dull needles may be sharpened by rubbmg the bevel, 
point forward, on a hard, fine oil stone, and then smoothed with Bon Ami. 

There is rarely any difficulty in entering a vein except in children and 
in adults when the arm is fat and the veins are small If desired, one of the 
veins about the ankle can be used. In the case of infants, blood may be se- 
cured from the superior longitudinal 
sinus by puncturing through the pos- 
terior angle of the anterior fontaneL 
A short needle fabout f inch) of rather 
large caliber should be used. 

Instead of a s\*ringe many other 
devices for securing blood from a vein 
may be cmplojed. T\so of these are 
shown in Figures 93 and 94, which 
indicate their construction in sufficient 
detaU. They possess the ad^tintage 
that the blood can be drawn directly 
bto any desired reagent or culture 
medium. 

COAGULATION 

Coagulation consists essentially 
in the transformation of fibrinogen, 
one of the proteins of the blood 
plasma, into fibrin by means of a fer- 
ment called thrombin. The presence 
of calcium salts is necessary. The 
resulting coagulum is made up of a 
meshwork of fibrin fibrils with 
entangled corpuscles and platelets. 

The clear, straw-colored fluid which 
is left after separation of the coag- 
ulum is called blood serum. 

Because of its great interest in con 
nection with the pathogenesis and 
differential diagnosis of the primary and secondary hemorrhagic diseases 
the mechanism of coagulation must be considered more in detail. The 
process is complicated and not fully understood, and the theories which 
have been offered to explain it are many and intricate Howell’s theory is 
one of the simplest and serves well as a tois for clinical work. Hve “coagu- 
iation factors” are assumed to take part. Four of these — fibrinogen, calaum 
salts, prothrombin, and antiprothrombui — are normal and constant con- 



Fig 94 — Device for dramng blood 
from a vein, uung a laige test tube, a 
centnfuge tube, or a small Oask It may 
be modified in various ways The needle 
may be attached dircctty to the glass 
tube wbch is ground to fit it (Cummer), 
thus doing swiy mth the rubber con 
nection, or the bub of tbe needle may 
be Ared directly in tbe robber stopper 
fa place of the glass tube (Woolley) The 
glw delivery tube may be extended to 
the bottom of the container if jt u de- 
«ired to collect blood under a layer of 
liquid paraf&a 
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mosi, thus requiring two moteraents one to puncture the skm, one lo 
enter the >ein 



A C 


1 ig 92 — Obtainifle blood from a vem, A I botogripb made «ilb ordinary fil» '’f'''* 
palpable but not visible B Photogrspbmadewith&lmse&sitivetoinfra redrtyiandibo* 
OR deep veins of arm. 






Fig 93 — Keidfl s vannim tube for collecting blood from a vein consisting of a 
ampule a needle with rubber connectioii andasmallgbiM test lube to servT as esp Ai 
the needle has entered the >nn the stem of the ampule is crushed wfthm the rubber*** 
nerlwn and blood enters because of the s-acuutn ^mOar tubes containing sterile 
media are upon the nurLet (Courtesy erf llynwn Weslcotl, and Dunning, 

Md) 

^V’hen sufTiaent blood is obtained the bandage is first removed and 
needle is then withdrawn, this order being followed to avoid forinahon c 
a hematoma It is usually easy to secure 5 to 15 cx. of blood, or cven®°^ 
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1. Coagulation Time. — Nonnally, when blood is secured from 
an ordinary skin puncture, coagulation takes place m two to si\ 
minutes after it leaves the %essels, usually about four and a half 
minuses The time is influenced by temperature, size of the drop 
smoothness and cleanliness of the instruments, and other factors 
Clotting may be more rapid after meals Kugelmass has studied 
somewhat extensively the effect of diet on coagulation m rats, and 
also the relation of diet m hemorrhagic diseases It is much more 
rapid when the blood is squeezed from a puncture than when it flows 
freely, owing to admixture woth tissue juice It is never possible to 
estimate the amount of such admixture when a skin puncture is the 
source of the blood For ihts reason, if results are to be relied upon 
tt ts vnperalne that the blood be taken from a vein The normal coagula 
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rig — Morawitz theorj ot coagubtion (Quick diagram) 

tion time is then considerably longer, averaging about twenty minutes 
by Howell’s method, five to ten minutes by Lee and \\ hite's, wfiile in 
some pathologic conditions the discrepancy may be much greater 
Lee and White ate an instance in which hemophilic blood with a true 
coagulation time of fifty minutes ojagulated m five mmutes when 
secured from an ear pnek 

Shortening of coagulation time, which in some cases may be due 
to deficiency of antiprothrombm, is not of much chmeal sigmficance 
except in relation to possible thrombosis, as in typhoid Prolongation 
is important The greatest prolongation occurs in hemophilia, where 
it is usually one to several hours There is less, though still marked, 
delay m melena neonatorum, in obstructive jaundice, and, less impor 
tant chmcally, in some anemias and leukemias, and in many infectious 
8 
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stituents of the blood plasma Prothrombin is held in some sort of combma 
Uon mth antiprothrombm and is Iqr this means Ivcpt inactn'C so that 
coagulation wlbm the vessels cannot occur The fifth coagulation factor 
thromboplastm, a coagulation-acccleniing substance, is not present in the 
circulating blood but resides m the tissue juice outside the blood vessels 
W hen the blood escapes from the vessels it meets the thromboplastin of the 
tissues, and tins at once neutralizes the antiprothrombm and thereby sets 
free prothrombin The prothrombin thus released is then acti\’ated by cal 
aum salts and becomes thrombm, a feonent hke substance whose function 
It IS to transform fibrinogen of the plasma to fibnn The fibnn forms a 
raesbwork of threads in which the cellular elements are entangled, and thus 
constitutes the cs<enUal part of the coagulum After a time the coaguiun 
contracts pressing out the scrum 

Thus the process of coagulation takes place in three stages (a) Neulrali 
zation of antiprothrombm and the formation of thrombin from the released 
prothrombin, these processes bemg invisible (fi) transformation of fibrinogen 
into fibrm which is the visible evidence of clotting, (c) retraction of the clot 
All the substances concerned m dotting except one are normally present 
m the plasma that one, thromboplastin, resides outside the vessels m tissse 
juice To explain coagulation of blood within the vessels orofbloodremevfd 
directly from a large vein without possible addition of tissue juice it u 
assumed that enough thromboplastm to neutrahze antiprothrombm and 
thus initiate clotting may be formed from disintegration of blood platelets 
The much more rapid clotting of blood from an ordinary puncture is 
explained b> the greater contamination with tissue juice 

Red cells and leukocytes take little or no acU\Te part in coagulation 
but are passively entangled m the coagulum Blood platelets upon the 
other hand, are intimately connected with the process, and this seems to 
be ihclr chief function (p 244) 

The Morawitz theory is very similar except that antiprothrombm is not 
considered to be present Tro^rombin and calcium become thrombin on 
the addition of thromboplastm Thrombm and fibrmogen form fibrm (Fig 
95) (See page 326 for a classification of hemorrhagic diseases due to defects 
m the coagulation mechanism of the blood ) 

For certain purposes notably for bactenologic and chemical work it 
is necessary to prevent coagulation of the blood which is witbdrarvn Thu 
may be accomplished by receiving it directly m a solution of 1 per rent 
sodium citrate (or ammonium oxalate) m physiologic salt solution orinW 
a tube contammg a verj httic finely powdered neutral potassium oisbtfc 
These substances form either soluble or insoluble calaum corapouow. 
whicli render the calaum unavailable for purposes of clottmg 

In clinical work fi\ e features of the clotting process are studied m 
appropriate cases Coagulation time, character of the clot 
thrombm time, calaum time, and bleeding time Thc*e arc di«cus.'« 
in the foUowang paragraphs 
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\\Tieo coaguIaUoD has occurred threads of fibmv will be seen to span the 
gap betneen the broken ends Some defimte end point should be adopted, 
as for example, when the fibnn wdl span a gap of S mm 

Methods Winch Use Blood from a Vein — ^The time is counted from the 
first appearance of the blood m the sj'nnge Any of the methods mentioned 
abo\e may be used, the drops of blood being transferred from the sjTinge 
to the appropriate instrument but the foiloi\mg are more satisfactory 
Lee and White's i/e/Aod— Secure the blood with a small hypodermic 
sj’nnge, cnienng the vein as quickly as possible, and avoiding suction 
Place 1 c c of blood in a test tube 8 mm m 
diameter, which has been rmsed with phj-si 
ologic salt solution just previously Place the 
tube in a glass of water at about 75® F, 
although this is unneccssarj if the room tern 
peraturebesbetween 65“ and 90“ T Tilt the 
tube at mtcrvals Coagulation 15 assumed to 
be complete as soon as the tube can be 
inverted without displacing the clot The 
normal coagulation time b> this method is 
five to ten minutes The greater the diameter 
of the tube, the slower the clotting 

Bent ell’s method is similar Fill a hj'po- 
dermic syringe and its attached needle with 
a mitturc of ether and petrofatum, force it 
out, and draw air into the syringe a few 
tunes The ether will evaporate, leaving a 
thm coating of petrolatum Secure 2 to 4 c c 
of blood with this sjringe and place it in a 
test tube about 21 mm in diameter The 
end point is judged bj tilting and finally 
mverling the tube as m Lee and Whites 
method By tins method the blood of healthy 
persons was found to coagulate in ten 
to thirty minutes, average about twenty 
minutes Fig 97 — Nonnal dot retraction 

2 Character of the Clot — ^Under normal conditions the coag 
ulum begins to retract within a few minutes to one or two hours after 
it is formed, gradually separating from the wall of the vessel m which 
it IS contained and expressing scrum (Fig 97) The process is completed 
withm eighteen to twenty four hours 

For the study of retraction 2 or 3 c c of blood are taken in a 
test tube, placed m an incubator at 37“ C , and observed at hourly 
intervals The time at which retraction occurs is noted 

The phenomenon of retractihty is apparently due to presence of 
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diseases, notably pneumonia Many apparently healthy individual* 
ha%c coagulation time somewhat beyond the usually accepted norma! 
limit Aside from its \a!uc m the diagnosis of hemorrhagic diseases 
estimation of coagulation time is important as a preliminary to 
operation when there is any reason to expect dangerous capillai) 
oozing as in tonsillectomies or operations upon jaundiced persons 
It should alwajs be supplemented by estimation of the bleeding 
time (p 203) 

There arc many methods of ascertaining the coagulation tune, and 
results by the different methods arc not comparable because of dif 
ference m their end points and in the conditions 
to which the blood is subjected It is therefore 
well to adopt a single method for one’s routme 
work and to keep all conditions as nearly uniform 
as possible In every case absolute deanlmcss 
T of the instruments is imperative It is alwajs 

^ advisable to test the blood of a normal person 

under exactly the same conditions as a control 

Methods Which Vs9 Blood from a Shut 
^ Puncture— The puncture should be deep enough 

to ensure free flow of blood in order to Icsko cod 
lamination with tissue juice The first drop should 
be wiped ofl and the second used for the test Tune 
IS counted from the first appearance of the drop 
The simplest method is to receive several drops 
J of blood (well rounded drops 4 to 5 mm in diameter) 

1 ig %— shoningd I on a dean slide and to draw a needle through 
fcrcncrlnthapeofi tood Qjje Or another of the drops at one muiutc w 

fuTmtprs'^r ‘'T"* f 

cwRuUtujn (lowerdrop) and art dragged along by it coagulaUon has tatm 
(Duke s method) placc The sbde may be kept inverted over * 

gbss of warm water m order to avoid evapo- 
ration which in a dry climate may entirely \nliafe results Date b«cs > 
gbss slide to which two glass disks 5 mm in diameter arc cemented Wet' 
rounded drops of blood — one from the patient one from a normal person- 
art i;ecpj.ved ojj. tl«. <kskA., an/i fjwe sJjda vs ta'iertfli aesQua, the. to? of 
or beaker contammg water at 40“ C and covered with a towel Coagubtion 
IS judged bj the shape of the drops when the slide is held m a verws' 
position {Fig 96) 

A satisfactorj method is to take up the blood in a capillary gbss tube 
about 1 5 mm m diameter If clean, the tube fills readily by capilbr> altrac 
Uon Short sections of the tube ate then carefully broken off at one-nsifl^ 
intervals after scratclung with a file and the ends are gently separ^^ 
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the “pTothrombin time." With each unfenown blood a normal is run The 
“prothrombin quotient” of Hura7t2 and Lucas is found by dividing the 
time of the unkno^vn by that of the normal control. 

Quick* suggested a simplified method making use of recalcified plasma 
In his test oxalated blood is divided into two equal portions. Centri- 
fuge half for five minutes at a speed not over 1000 revolutions per minute 
and the other at 3000 revolutions per minute in an angle centrifuge The 
clotting time of each specimen is tested after recalcificaticn. In hemophilia 
the clotting lime is markedly prolonged after high speed centrifugation while 
with slow centrifugation of the oxalated plasma there is an opportunity for 
the platelets to break up and the clotting time is relatively much shorter, 
although still somewhat prolonged 

Cheney’ has utilired the principles of the Howell method for a simple 
plasma coagulation lime test in studying vitamin K deficiency The con- 
stancy of results warrants its use as a simple test provided physical condi- 
tions are kept constant. He uses 10 mg of dry potassium oxalate for each 
5 c c of blood Place O.S c c. of two per cent oxalate solution in a centrifuge 
tube and evaporate to dryness Centrifuge the oxalated blood for a constant 
Urae at a constant speed and pipet off the clear plasma. Place o chemically 
clean test tubes, | inch in diameter, in a rack and add varymg amounts of 
0 4 per cent calcium chloride as follows* To the first tube, add 0 2 c c. fO.8 
mg, calcium chloride) and to the second tulM add 0.1 c c (0 4 mg calcium 
chloride). Add 0.2 c.c. of the plasma to each of the lubes shake briskly about 
ten times and start the stop watch. Note the time required for the formation 
of a firm clot in each tube. The length of time recorded from the mixing of 
the plasma and the calcium chloride to the time of clot formation is the 
plasma coagulation lime for each of the two calcium chloride dilutions 
The tube that shows the shortest coagulation time will indicate the tube 
containing the optimal amount of calcium for that sample of plasma The 
average normal plasma coagulation time with the optfroal amount of 
calcium is about five or six minutes, while in cases of xiiamin K deficiency 
the time may be greatly prolonged from fifteen minutes to more than an 
hour. Cheney stated that the test has proved satisfactory in the diagnosis 
and treatment of jaundice associated writh vitamin K deficiency. The speed 
and time of centrifuging and the temperature of the room should be kept 
as nearly constant as possible. 

Quick’s Prothrombin Time Test— While Howell's method for “pro- 
thrombin time” is at limes useful, it has been replaced very largely by a 
test devised by Quick,’ in which thromboplastin in excess is added to 
oxalated plasma and then recalctfied. The details are as follows: 

* Quick, A J.* The Diagnosis of Hemophilia, Amrr Jour Med Sd , ^0/ 469-474 
(April), mu 

* Cheney, Garnett: The Plasma Coagulation Time as a Sunple Test for Vitamin K 
Deficiency, Amer, Jour Med Sa . 200327-337 fSept 1, 1940 Cheney, Garnett: The 
Normal Plasma Coagulation Time, Amer. Jour Med *ki , 203 t25-.yt fMar ). 1942. 

* Quick, A. J : The Clinical Af^lrcation of the Hippune Add and the Prothrombin 
Tests, Amer Jour Clm Palh^ 10 222-233 (Mar.). 1940 
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blood platelets for the degree of retractility closely paralleb the 
number of platelets (p 243) It ts entirely independent of the coag 
ulation time This is most typically exemplified In purpura hacmoi 
rhagica (p 324) The coagulum is formed within the normal time, 
but it retracts very little or not at all even after standing several days 
In hemophilia upon the other hand, with normal number of platelets 
the blood coagulates very slowly, but the clot when once formed has 
normal retractile power 

3 Prothrombin Time, — For the differentiation of the vanous 
conditions in which the clotting mechanism is disturbed it is neces- 
sary to study not only the coagulation time but also to determine 
quantitatively the vanous coagulation factors Prothrombin, fibnn 
ogen calaum, and so forth Of these, prothrombin has had great 
clinical interest A fair idea of the relative amount or strength of 
prothrombin was formerly thought to be given by the simple method 
of Howell detailed below 

The normal “prothrombin time” by this method averages about 
ten minutes, but may be as much as thirty minutes It is constantl) 
and very markedly prolonged in hemophilia — a fact which, according 
to Hurwitz and Lucas, makes the diagnosis of this disease relativel} 
simple The usual “prothrombin time” of hemophilic blood is five to 
twenty five times the normal 

Howell and Cekada' showed that prothrombin is normal in quan 
tity and m properties m hemophilia The platelets ate resistant, and 
because they do not disintegrate there is a lack of throraboplastic 
material It is apparent then that the * prothrombin time’ test does 
not indicate relative amounts of prothrombin, nevertheless the 
procedure is still of value in the diagnosis of hemophilia 

Howell's Method for “Prothrombin ‘Time '* — 1 Obtain about 2 cc of 
blood from a vein using a syringe which has been rmsed out with physio- 
logic salt solution Avoid suction 

2 At once place the blood in a centrifuge tube which contains 0 25 c c 
of 1 per cent sodium oxalate m physiologic salt solution 

3 MU by invertmg several tunes and centrifugalize thoroughly 

4 PUa S drops of the clear plasma m each of four small test tubes. 

5 To these tubes add 0 5 per cent solution of calaum chloride in mcreas- 
mg quantities 2 drops in Tube 1, 3 drops m Tube 2, 4 drops in Tube 3 
5 drops in Tube 4 Mlt gently 

6 Coagulation will probably occur m all lubes, but not at the same 
rate Its occurrence is recognued by m^’ertibility of the tube as in Howell « 
coagulation method The coagulation Ume of Ike fu6« which clots earliest ts 

‘Howell, \V H., and Cekada, E. B The Cause of the Delayed dotting of Ilemo- 
phfljc Blood, Am. Jour Physiol., 7S SOO-511 (Nov), 1926. 
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I)fastin extract in a small serologic tube and add freshly drawn blotxi up to 
a 1 C.C. mark previously made on the outside of the tube. The tube is inverted 
to obtain complete mbdng of the blood and tilted every few seconds until 
clotting is observed. 

4. Calcium Time,— -^Tien the coagulation time is abnormally 
slow, especially in jaundiced patients, it may be desirable to find 
whether the delay is due to defidenty of calcium and thus whether 
clotting can probably be hastened 1^ administration of calcium. 

To this end, a few cubic centimeters of blood are obtained from 
a vein, and 1 c.c. is placed in eadi of two test tubes 8 to 10 m m in 



Fig 98 — Quick prothromnin time test; «. stop clock, b, solulioa ol calcium cUonde, c, 
thromboplastia emulsion; d, plasma, e, Al/JO solution of sodiuzo oxalate 

diameter. To one of these is added 3*drops of 1 per cent solution of 
calcium chloride (or 6 drops of OS per cent solution) Should the 
blood in the tube containing the calcium coagulate within the normal 
time, while coagulation in the tube without calcium is delayed, the 
delay may be assumed to be due, in part at least, to defidency of 
calcium in some form in the blood. 

S, Bleeding Time. — This is a term used by Duke’ to indicate 

* Duke, W. W.* The Relation of Blood Plalelcls to Hemonhagic Dtsea'c Dcvnption 
of a Method for Detenmnlng the Bleeding Time anti Coagulation Time and Report of 
Three Cases of Hemorrhagic Disease Rdieved by Transfuaon, f. A- M. A., J4 1185-1192 
tOct.), 1910. 
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Reagents (o) TkrombopJashn — ^Rabbit brain is prepared bj completely 
rcmovnng all blood vessels and stopping off the pia Macerate the brain lo 
a mortar under acetone, replacing the acetone several times Dry on a 
suction filter and store the nonadhesive, granular powder in small ampules 
from winch the air is evacuated for three minutes by means of an oil ncuum 
pump and then chilled Such a prqjaralion apparently maintams its full 
activity uidefinitcly Thromboplastin material prepared by this method 
may now be obtained from \-anous biological supply houses For use, mix 
0 3 Gni of dehj’drated rabbit brain thoroughly with 5 c c of freshly pre- 
pared physiologic salt solution and incubate at 50“ C for ten to fifteen 
minutes Remove the coarse particles by slow centrifugation and save the 
supernatant emulsion for use in the test 

Quick originally prepared thromboplastin material by drying brain tissue 
without the use of acetone In many laboratories this older method is still 
used The brain tissue is prepared by macerating and spreading it Ihinlj 
upon large glass plates and drying for twenty four hours m the incubator at 
37® C Such dried material when scraped from the plates may be stored m 
ampules or glass bottles and will keep at least two months, lion ever, with 
this thromboplastin material, the oormai prothrombin time mil be scyeral 
seconds longer than with the use of acctonc-dchydratcd brain tissue 
(6) Sodium Oxalate Solution (Tenth Molar Solution)— Dissolve 1J4 
Gm of anhydrous sodium oxalate (C P) m 100 cc of distilled water 
(c) Calcium Chloride Solution (Fortieth Molar Solution) —Dissolve 1 11 
Gm of anhydrous (CP) calaum chlonde m 400 c.c. of distilled water 
Method —1 Place 0 5 c c sodium oxalate solution (5) in a tube marked 
to hold exactly 5 c c of blood 

2 \\ ithdraw blood by verupuncture and add to the oxalate solution (1) 
exactly 4 5 c c up to the 5 c c mark Mix thoroughly by inverting two or 
three times 

3 Centnfuge for a few minutes at a moderate speed to obtain clear 
plasma 

4 Transfer 0 1 cx of clear plasma to a small serologic tube Add 0 1 
c c. of thromboplastin extract (c) Heat lo 37 5“ C , then add quickly 0 1 
c c of calcium chlonde solution (c) to the mixture (Fig 98) and accurately 
measure ivith a slop w'atch or stop clock the number of seconds that elapses 
between the time ^at the calcium is added and the formation of a clot ^ 
shown by tilting the tube to a honzootal position 

A normal control should be run for companson With this method the 
normal prothrombin time will be from twelve to fourteen seconds Samples 
of plasma that require a considerably longer time for coagulation are 
thought to be definitely lacking in prothrombin 

Ttbe test is most useful m the preoperative management of patients mth 
hepatic or gallbladder disease vs bra coosidered before and after the adminis- 
tration of vitamin K (see page 431) 

Smith and his colleagues,' using a thromboplastin extract, have recom 
mended a simple bedside test using whole blood Place 0 1 c c of thrornhiy- 
*Smth H P, Ziffren S E Ow«i C A. and Hoffiruin 0 R Clmical »nd 
menul Studjw on VJUain K, J A M A. //J 380-383 (July 29) 1939 
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an hour or more ^Vhen the time is moderately prolonged the twentieth blot 
^ill be about one half the si?e of the 6rst a hen it is enormously prolonged 
the twentieth blot may be fully as large as the 6rst 

hl hemoglobin 

Hemoglobin is an iron bearing protein which normally occurs in 
the arculating blood in two forms Oxyficmoshbtn, chiefly m arterial 
blood, and reduced hemoglobin (more correctly called simply fiemo 
globin), chiefly ID venous blood ITirough the action of acids, alhahes, 
oxidizing and reducing substances, heat, and other agencies it is 
readily converted into a senes of derivative compounds which can be 
distinguished by means of the spectroscope 

Most of these dcnvative compounds ate formed only m blood which has 
left the vessels a few, however, may be produced in the circulation 

Sulfhemoglobm is found in the circulating blood m most cases of the 
rare condition Vnown as “enterogenous cj-anosis ” and m prolonged overuse 
of coal tar denvatu es Metbemoglobm is found m poisoning with potassium 
chlorate nitrites nitrobenzol (as m shoe d>cs), and in other substances 
Cbnically there is marhed c)'anosis and in severe ca>es the blood has a 
chocolate-brown color when withdraivn AVhen the condition is at all marked, 
suUheraoglobinemia and methemoglobinemia are easily recognized spec 
troscopically (p 3 6) 

Carbon monoxide hemoglobm, formed in carbon monoxide poisoning, 
gives the blood a brighter red color than is normal 

Acute poisoning has long been v\el! knowm Chronic poisoning due to 
prolonged exposure to small amounts of carbon monoxide is less well known, 
but )s assuming increasing unportance The chief sources of the gas are 
gasolne motors, illuminating gas gas heaters and defective sto\es and 
furnaces Exposure to carbon monoxide is thus one of the hazards of modern 
aviUzation It has even been found in the air of busy streets of large cities 
in suffiaent concentration to cause mild symptoms in persons, such as 
traffic policemen who are long exposed to iL 

Henderson and Haggard found that health) persons exposed to various 
tonccTiVtaVions ol the gas for an hour did not erpcntTice dt&wilt symptoras. 
(headache, dizziness, muscular weakness, nausea) unless the concentration 
in the blood reaches 26 or 30 per cent of saturation but it appears that m 
chronic poisoning, espcaally in children, senous symptoms may occur with 
less amounts The figures reported for dmical cases of poisoning are often 
misleading, since the carbon monovide largel) or wholl) disappears from 
the blood after the patient has breathed pure air for a few hours although 
the sj-mptoms may continue for a long tunc CO hemoglobin has a charac- 
teristic spectrum (p 336), and when present m sufficient amount (30 per 
cent or more), is readily identified with the ordmary “pocket spectroscope, 
but chemical tests ate much more sensitive and more satisfactory Two 
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the time required for a small cut to cease bleedmg It does not neces 
sanlv parallel the coagulation time of the blood, for it is largely de 
pendent upon the efficiency of the tissue juice in accelerating clotting 
upon the elasticity of the ^n, and upon the mechanical and chemical 
action of the blood platelets The normal bleeding time is one to 
three minutes, although it may sometimes be as long as eight minutes 
There is slight delay — usually to ten minutes— m many severe 

anemias Duke found great prolongation, ten to ninety minutes or 
longer m two classes of conditions (u) Those in which the blood 
platelets are \ery greatly reduced, notably purpura haemorrhagica 
acute leukemia, and aplastic anemia and (f*) those in which the 
fibrinogen content of the blood is extremely low, as chloroform and 
phosphorus poisoning and certain destructive diseases of the Lver 



Du 99 — Astnpof oft filterpaprrshomngt row of blood blots obtained fn a t«t of 
the bleed njj t rac by Duke * method Dloi« *fe made at half minute intervals In th s an* 
the bleeding time is normal (photograph natural rfre) 


with a hemorrhagic tendency Contrary to common belief the bleeding 
time by this method is usually not prolonged m hemophilia (p 324) 
In surgery the bleeding time may well be studied in connection 
with the coagulation time as a routine procedure before operation but 
it should not take its place 

f Duke’s Method for Bleedmg Time — 1 Make a slight cut in the lobe 
of the ear The usual puncture as made for a blood count will answer d 
fairlv deep although it is generally best to use the point of a scalpel Wlthui 
wide limits the size of the cut is not important It is most satisfactory when 
it gives a blot about 1 or 2 cm in diameter at the end of the first half minute 
2 At half minute intervals blot with a piece of absorbent paper all the 
blood which has flowed out This furnish^ a senes of blots and the rate of 
decrease in size indicates the rate of decrease of the hemorrhage The usual 
bleeding time is one to three minutes giving two to six blots (Fig 99} In 
certain pathologic condibons mentioned above bleedmg may continue for 
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HaWine scale T}jcre is no foundation for (he belief that the English 
mean difTers materially from the American An anal>sis of the figures, 
\Nhich were obtained by these in\cstigators, re\cals morc'interesting 
results than merely the means for the tuo sexes Ihe range for man 
was 101 to 137 5 per cent (Haldane scale), with a standard deviation 
of per cent This discloses that two thirds of the normal indi 
viduals had values which vaned between 15 2 and 17 Gm per 100 c c 
of whole blood, and that the other third of the normal individuals, 
who submitted to this ln^cstlgatlon had values which were higher or 
lower than those for the other individuals In fact, one of these indi 
viduals had a value of 19 2 Gm per 100 c c of whole blood In con 
sidcnng the data for women, the range was found to be greater but 
the values, which were lower, were from 77 to 123 per cent of Haldane’s 
figure of 14 Gm ITic standard deviation was *^8 3 per cent Two 
thirds of the norma! women bad values between 12 8 and 15 2 Gm 
per 100 c c of whole blood , a third of the normal women had values 
which were higher or lower than these figures, and one woman revealed 
a value of 17 2 Gm per 100 c c of whole blood The general average 
for both sexes dunng adult life appears to be about 16 Cm An 
arbitrary standard of 16 6 Gm may be taken as 100 per cent This 
makes the factor 0 by which the absolute amount may be multiplied 
to obtain the percentage Ihe expression, “SO per cent hemoglobin,” 
when used clinically, means that the blood contains SO per cent of 
normal Practically, howcv cr, with the various methods of estimation 
m general use the blood of hcaUh> adults ranges from 80 to 105 per 
cent or 13 5 to 17 5 Gm for each 100 cc these figures may, there 
fore, be taken as representing normal limits There are, moreover, 
marked fluctuations with age and sex, which must be taken into 
account m any careful case study These are well shown m Fig 100, 
which IS based upon Williamson s careful spcctrophotometric study 
of the blood of 919 healthy persons m Chicago 

The custom of recording hemoglybm in terms of percentage of an 
indefinite normal is grossl) inaccurate and leads to much confusion From 
what has just been said it is dear that no single normal standard can be 
applied to all ages ard IkiiIi sexes 1 1 c situation is complicated by the fact 
that dilTercnt hemoglobinoniclers use different standards A record, there 
fore means little unless one knows what instrument «as used and the age 
and sex of tlie patient Tins confusion could be avoided if records were 
made in terms of the actual percentnge of hemoglobin that is in grams for 
eaclilOOcc ofblood This plan has been adopted byccrlain large hospitals, 
and has been proposed to Uic Amcncan Societv of Cbnical Pathologists for 
consideration as a standard method The reading on any type of instrument 
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Simple quabtabv'e tests are dcscnbcd below For a relatively simple quae 
titah\enn,lhod the reader ts referred toSa\crs and A ant > 

Katayama’s test is one of ll c Iwst It will detect as little as 10 percent 
of eaiuralion Place about 10 c c of niter m each of two lest tubes To one 
add 5 drops of the suspected blood ind to the other 5 drops of normal blood 
to ser\e as a control To cich lube add 5 drops of fresh orange-colored 
ammonium sulfide mi\ gcnilv and mabe faintly acid with acetic acid 
Blood containing carbon montnult hemoglobin develops more or less rose-red 
color depending on the concentration normal blood a dirtv greenish brown 

Hopje Seyler’s test is less sensitive and less satisfactory but since it 
requires no chemical excepting sxlium h>dro\ide, is useful in cmergenaej. 
It may be performed as foffotts lo?cc of ivatcr in a test tube add J toi 
drops of the blood and I drop of 5 |icr cent sodium hjdroMde snliilion, mtt 
gently and let stand one hour Kormal blood f,i\cs a greenish bruttn color, 
carbon monoxide iitood more or less pmb It is always necessary to run a 
coiitrul with nunnal blood 

Normally hemoglobin is confined to the red corpuscles ^^'hen it is 
dissolved out of these cells and appears m the plasma the condition 
IS known as hmogloltncmta This occurs in a great variety of con 
ditions, among which may be mentioned Sc'ere ty-pes of infcctiouj 
diseases, paroxysmal hemoglobinuria, severe bums and frost bites, 
and poisoning with potassium chlorate mushrooms, and some other 
poisons ^\hen the free hemoglobin reaches a certain concentration in 
the blood plasma it is exccei^ m tlw unne (bemoglobmuita) 

To recognize hemoglobinenua receive a little Hood id a small dry test 
tube and allow it to stand m a cool place for twenty four hours The scrum 
which sepantes after coagulation will be colored red or puiL instead of 
pale yellow, as is normally the case 

The normal amount of hemoglobin was formerly given as about 
14 Gm for each 100 c c of blood but recent work has shown this to 
be too low for adults* Tlie mean hemoglobin concentration of 118 
normal English males was determined by Inx) methods of preasion 
and was found to be about II5 per cent in Haldane’s scale (14 Go 
per 100 c c ) when the standard was determined wnth the Van Slykf 
apparatus The mean bemoglobm concentration of 116 w'omen vrss 
determined by gas analysis and was found to be 100 per cent m the 

‘Sayers R R nnd Yanl \V P Tlie Twin c An I Melhott for Quantila i erxw 
mlnal on of Carbon ilonosi le n llie Dtowl US Pull c llcallh Reports Trta W 
partmeni J7 No 40 2433 2439 (Oct 6) 1922 See also Jour Am Med Assn « 
l74»<Junet) 1922 

‘Jenktns C. E and Don C S D The Hemogbh n ConcentniLon of Nof®” 

English Males and temaJes Jour Hyg JLI36-4J (Jan) 1933 
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the only blood change noted In very severe cases, espeaally m 
repeated hemorrhages malignant disease, and infestation by hook 
worm and Dtphylhbolhrunn lahtm hemoglobin may fall to 15 per 
cent Hemoglobin is always diminished and usually \ery greatly, in 
chlorosis {a\erage about 40 to45 percent) pernicious anemia (average 
about 20 to 25 per cent), and leukemia (usually about 40 to 50 per 
cent) 

Estimatioa of hemoglobin is less tedious and if reasonably accu 
rate, usually more helpful than a red corpuscle count It offers the 
simplest and most certam means of detecting the existence and degree 
of anemia, and of judging the effect of treatment in anemic conditions 
Pallor observed clinically does not alna>$ denote anemia 

There are many methods but none is entirely satisfactory Ilith 
the different standards for the normal adopted bv different makers 
and the inaccuracies and dctenoration of individual instruments 
records of hemoglobin estimations are often untrustworthy The 
physutan should siandardi < Ins instrument to gre readings tn grams 
per 100 c € upon the bloods 0 / healthy adults uhose red corpuscles number 
5 000 000 /or each cubic tnillmeter The methods of estimating hemo 
globin which are most widely used are here desenbed 

Direct Matching; Methods — Methods which are based on the direct 
matching of the red color of whole fresh blood with some cnior standard 
are not satisfactory (tff The Tallq»isl hemoglobin scale consists of a book 
of small sheets of absorbent paper ami a circfullv printed color scale The 
percentagesof this scale do not baveanj accurate meaning and the method 
IS not recommended except for use at the bedside when other methods are 
not awilable 

(AJ The Dare bemoglobinometer which cmploj's direct matching and 
undiluted blood, has been used extensively It has been changed bv the 
present manufacturers m an effort to make it adaptable for the estimation 
of the grams of hemoglobin per 100 c c of whole blood The insinunent is 
expensive and not very accurate 

•^Acid Hematm Methods — There ate several rnethods that depend 
on converting hemoglobin into acid hematm with dilute hjdrochlonc acid, 
and matchmg the brownish jellow color of this solution with a standard in 
some sort of a colorimeter or comparator ' 

(a) The Sahli bemoglobinometer (Hg 101) consists of an hermetically 
sealed comparison tube containing a suspension of acid hematm, a grad 
uated test tube of the same diameter and a pipct of 20<u nim capacity 
The two tubes are held m a black frame with a white ground gL'i«s back 
Place decmormal hydrochloric aad solution in the graduated ti^ to 
the mark 10 Obtain a drop of blood and draw it into the pipct to the 20<u 
mm mark \\ ipe off the tip of the pipet blow its contents into the hj dro 
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can readily he converted into absolute percentage if one knows what amount 
of hemoglobin was adopted by the nuUrs as normal, provided, of course, 
that the [articular instrument i$ accurately standarduetl This calculation 
will be given with the description of the various instruments 

Increase of hemoglobin, or hyperchromema, is uncommon and is 
usually more apparent than real It accompanies an increase in 
number of erythrocytes, and may be noted m change of residence 



Fig too — D ignira shovsing &\rrsuw bemoglohin values for both *t di^twnt 
•ges (after W II amun) Some have obla ned shghtty lower values for the d llcreol ages- 
The corresponding percentages on ihe SaWi hemoglobmometer, wbch assumes 17J Cm 
(or each lUO c c blood to be the oormal are also shown 

from a lower to a higher altitude, in poorly compensated heart disease 
with cyanosis, in concentration of the blood from any cause, as the 
severe diarrhea of cholera, and m ‘'idiopathic polycythemia" or 
erythremia 

Decrease of hemoglobin, or cttgochromvma, is very common and 
important It is the distinctive and most striking feature of the 
anemias (p 297) In secondary anemia the hemoglobin loss may be 
slight or very great In mild cases a sbght decrease of hemoglobin is 
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hemoglobinometer which is probably the most accurate and simple of any 
of these instruments. A graduated, square glass tube is used for holding the 
add hematin. The Ulrich pjpet is recommended for making the dilution idth 
tenth normal hydrochloric acid. The calibrations are in grams per JOO c c. 
of hemoglobin and are based on allowing the blood to stand thirty minutes 
before making the comparison with the yellow glass standard in the instru- 
ment This may be done either by daylight or by artifidal light. If the 
result is read by electric light, a blue "Daylite" glass filter is used in com- 
parison with an opal glass filter in the holder on the back of the instrument. 
There are three n indon s on the scale and a magnifier is used in focusing 
on the scale \Vhen the color of the specimen is nearest to a correct match 
with the central or standard color, the top window will be of lighter shade 
and the bottom window w ill be of darker shade. The reading is made by ob 
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ser^dag the point on the graduated scale to which the dilution has risen 
Figure 103 ijluslraies the fMris of this apparatus. 

(d) The Haden-Hausset hemoglohiivometet (Fig. 104) uses a yellow 
glass standard. The blood is diluted 1 to 10 with decinormal h\drochloric 
add and should be allowred to stand thirty minutes for the full color to 
develop. A cel! which is formed of a plane glass plate and a glass wedge 
is filled by capillarity, and comparison is made with the standard through 
fenestra in the frame which holds the cell and standard. The N’alues are 
read in grams per 100 c c., and the scale ranges from h to IS Gm. In cases 
of anemia, the readings whicli arc made by using type B wedge, which 
holds twice as mudi as type A wedge, roust be divided by tvro, thui pro- 
'idinga range of 4 to 9 Cm. per IWcc. A larger model, which is illuminated 
electrically, has also been manufactuivd. 
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chlonc aad solution m the lube, and nnse well The hemoglobin is changed 
to aad hematm Place the two lubes in the compartments of the frame, 
let stand one minute, and dilute the fluid %vuh water drop bj drop mixing 
after each addition until it has cvactlv the same color as the comparison 
tube “I he graduation corresponding to the surface of the fluid then indi 
cates the percentage of hemoglobin ML\mg may be done by closing the 
tube with the finger and inverting, but care should be cxercis^ to see that 
none of the flunl is removed by adhering to the linger Slighllv waxing the 
fingCr will aid Decmormal hjdrochlonc acid solution is preparwl with 
sufficient accuracy for this purpose by adding 1 cc of the concentrated 
acid to 99 cc distilled water A little chloroform should be added as a 
preservatixe 

Under faxorable conditions this method is very satisfactory, and is 
probably accurate to within 5 per cent Unfortunately, not all instruments 
upon the market are well standardiaed, and Uie comparison tube does not 



Fig 101 — ^ahb bemoglubiQomctei 

kcqi Its color well Sometimes however the apparent fading is due'lo the 
fact tliat the hemafm is in suspension and settles out xvhen the mstrerment 
lies unused for some time This can be remedied by inxTrting the tube a 
number of times Most tubes contain a glass bead to facilitate mixing The 
color tube should be kept from the light as much as possible 

A reading of 100 per cent on the Sihh instrument should according to 
the makers correspond to 17 3 Cm of hemoglobin in 100 c c of blood The 
blood of normal adults therefore reads 80 to 90 per cent 

■s(Q The SahU-Helhge hemometer (Pig 102 ) is equipped xvith permanent 
glass standards and a square comparison tube which allows the value for 
the hemoglobin to be read as grams per 100 cc of whole blood and also 
as percentages The low figure of 14 5 Gra per 100 c c of whole blood 
corr«ponds to 100 per cent of hemoglobin 

Sahli Haden Hemogloblnometer — ^Faden* has devised a Sahli t)’F 

’Haden, It L. A hew SaMi Tyiielleiiioglohmometer, Jour Lab &Cln MeiL,^ 
325-327 (Dec.), 1939 ^ ,J 
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hemoglobin in grams for each 100 c c. of blood by aid of the table on this 
page, which tokes into account two variable factors- (a) The time which 
has elapsed since the blood dilution was made, the acid hemattn solution 
reaching its full depth of color only after some hours; and (h) the thickness 
of the colored glass disk, which varies from 0 95 to 1 05 mm., the e\act 
tHckness being engraved upon each. 

To translate grams hemoglobin for each 100 cc, of blood into terms 
of percentage of normal, as is usually rerjutred in clinical work, multiply 
by 100 and divide by the number of grains hemoglobin which have been 
adopted as representing the normal (p. 207). For example to express ^he 
hemoglobin in percentage according to Sahli's scale multiply by 100 and 
divide by 17.3. 


NinVCOMER’S TABLE TOR USE IVITII TOE STANDARD DISK 
To Oblai/t Crem fJemoglehin Pgr JOO e e. Blood Dlride Ihe Colonmelrtc Reodmg Me fh$ 
Appropriate Figure. 



With the carefully standardized disks at present supplied this method 
is accurate. Its use is, however, confined to laboratories equipped with an 
e.xpensive colorimeter. 

(/) Osgood-Haskios Method.— This method has proved verv satis- 
factory in many laboratories Use is made of a permanent artificial standard 
containing 32 Cm. of ferric sjJfale and 50 mg of chromic sulfate, which 
are made up to 100 c c. with distilled water. This must be checked, however, 
with a previously prepared correct standard and preferably should be pur 
chased either from Hymson, Wcstcott and Dunning, Baltimore, Maryland, 
Or from the Shaw Supply Co., Portland, Oregon. The stock standard should 
be kept in a pyTex flask w bich should be closed tightly with a rubber stopper. 

Procedure . — Pbee exactly 1 c c. of well-mixed oxalaied venous blood in 
a 100 c c. volumetric flask. Lake with 40 c.c. of distilled water. Add 50 
C.c. of a fifth normal solution of hydrochloric acid, mix well, and make 
up to 100 c.c Heat a portion of this mixture, which has been placed in a 
lest tube in a water bath at 55® to 60^ C , for seven minutes or longer,* and 
cool Place some of the standard in a colorimeter cup and set this at 15 
mm., and compare the unknown with the standard. Make three or four 
readings and estimate the average reading Take the temperature of the 
standard. Reference must be made to a table (furnished with the standard) 









Place the disk in one of the light paths of the colorimeter, either above 
one of the plungers or above or below one of the cups and fill this cup 
with viater 

In the other cup place exactly 5 cc of approTimately deciaormal 
hvdrochlcnc acid (I c c concentrated acid 99 c c water) Secure exactly 



Fii? t04 — Haden Ilausser bcmoglob Qomrtcr front and rearview*. 


20 cu mm of blood from a skin puncture (the pipet of the Sahli hem^ 
glohinometer mav be used) place the bood at once in the cup with the acid, 
and mtt well This gives a dilution of 1 in 251 Now adjust the plunger 
until two fields match and make the reading Calculate the amount of 
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uons (p 397) U swcs aa an accurate standard method for standardmng 
the tanous hemo^Iol/tnomclers but u too comphcatcd for clinical work 
T} c lecJjnic vriJ! be found in \an Si^ke’s papers.* 

^^5' Iron->content Determlnatioas — Two methods of determining the iron 
content of the blootl ha\T protxfl salufactor} , the Kenncd> method, and 
the newer Wong mcthwl, Osterberg’s combination of thev: two methods 
IS described in the chapter on chnicaf chcmistr>, page 414 The x’afue for 
the iron contttit mas lie transposed mto terms of grams of hemoglobm per 
lOOcr cf blftxJ bv dll idmg the amount of iron JR mg pcrlOOcc by335, 
Since hemoglobin contains 0 0335 per cent of iron 

6 The spectrophotometnc method ts \*cri accurate and is often used 
for research it requires eapcnsu-capfiaratus and is not suited for clinical use 

7 Photo-electxfc-ceU Methods— These methods arc excellent substi 
tuics for colanmctrjc or spectruphotometne methods TJie first use of the 



photo-clcclric colorimeter for the determination of hemoglobin values was 
rcporicfl by Sheard and Sanfnn! * This method was further iroproitd fa) 
the dciclopmcnt of the photefometer 

The Sheard Sanford photelometer* (Hg 105) has proved to be very 
• tan Slike, P P Cisomflne Prtcrmmatwn of the Otyjren and Jlemoglobin of 
Btofxl Jour Iliol Chfm JJ 127-n2 (Jan) W18,VanSMce P D nnlSuiiic W C 
The Pelerminalion nf the Ci»« ot ihc HlooH Jour Itol Chem. <(91-42 (Nov) 1921 
' Chtfles an J SanfonJ A Jl A rhoioeJectric IlemoRlolunomeler CljmcaJ 
Appl cationi of Ihe ! nnciples of the I hoto-clertnc Pholotnelry to the Measurement of 
IlemoRlobin, Jour l-sh amj Cl n Med, // sSX-X74 fblar) 192) ^nford A If and 
Sheartl Clarle* The Determinalwn ol Hemoglobin wjlii Ihe I hotoelecireojelfr, Jour 
Ub and a>n Med , IS tS.M'f) (reti) 19V) 

•Vanford, A !! , Sheitd Charles, niwl Osterhers A F The rhotelometer and Its 
Use In thr Dm caNjiboratory \m Jour Cbn Palh., J 40v^20 (Nov ) 1933 

The * Cenco Sheard Sanford J bntelomeler o manutictured by the Central ^ 
catiGc Company 1700 Irving Park Doulevard Chicago Illinois. 
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and the percenta{,e of bemoglobm is read directl) for various colorimctnc 
readings, and for different temperatures of the standard One hundred per 
cent represents 13 8 Cm per 100 c c , tvhcn the standard with a temperalurt 
of IS 5® C IS set at 15 mm and the unknmvn is read at 10 5 mm Osgood 
recommends that the first normal blood that is crammed each i\eek be kept 
as an acid hematm standard in a brown bottle, with the temperature of the 
standard as onginall> read marked on the bottle, and that this solutifin be 
used as the standard for all subsequent determinations which are made 
during that week 

Caiboxyhemoglobln Method — ^The Palmer' method has been %er> 
popular in many laboratories for jears Its chief drawback is that hemo- 
globin must be converted mlo carbon monoxide hemoglobin by passing 
ilUimmating gxs, or carbon monoxide gas which is obtained from some 
other source, through blood diluted tuih 0 4 per cent solution of ammonia, 
this 13 also Its chief advantage as the standard which is prepared in this 
manner is very stable The sample of blood that is used should have an 
oxj-gen capacity of 18 5 per cent as determined by the Van SIvke raetliod 
winch represents 14 Cm of hemoglobin per ICO cc. This is 100 percent 
according to Haldane’s scale, although Palmer pointed out that the normal 
average for males is more nearly 16 6 Om per lOfl c c or 22 per cent osygea 
capacity A 20 per cent solutiort of blood m 04 per cent solution of am 
raonia which is prepared by bubbling carbon monoxide tlirougb it for ten 
minutes will make a stock standard which mav be kept m the icebox for 
many months if it is sealed with paraffin 

Proeedure—iX) Take 5 c c of stock, solution, and dilute with 95 c c. of 
0 4 per cent solution of ammonia to make a I per cent standard This may 
be kept for two or three 'weeks m a dark glass bottle 

(2) Make a 1 per cent solution of the patient’s blood in 0 4 per cent 
solution of ammonia 

(3) Bubble carbon monoxide through the solution for tea minutes This 
should be done under a hood 

(4) Place the standard 1 per rent solution m the left hand cup of the 
coldnmeter, set at 10 ram , place the unknown m the right Iiand cup and 
then raise or lower the nght hand cup until the colors match 

The calculation is very simple 


10 Creading of standanl) 
R (reading of unknown) 


X 100 = per cent hemoglobin 


It is evident that this percentage can also be rcadtlv converted to read 
m grams per 100 c-c. of blood, which is a preferable manner of reporting 

S.4 Van Slyke’s Oxygen-eapacity Method— This IS an indirect method 

j,tiewhich estimates the amount of hcmoglulnn from the amount of oxygen it 
will absorb and utilizes the Van Slyke apparatus descnbtxl for COj esUnia 
I Palmer \V W The ColonmetncDetoimnationof TTemoglobin Jour Bol Chetn. 

JLllM26 0in) ms 
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4,500,000--in women. At birth the number averages about 7,000,000 
and falls gradually to reach the adult figure at about the fifteenth 
year. This should be compared with the hemoglobin curve shown in 
Fig^4. Hawk finds the normal for athletes in training to be 5,500,000. 

''✓Increase of red corpuscles, or polycythemia, is unimportant. There 
is a decided increase followng change of residence from a lower to a 
higher altitude, reaching a maximum after se\'eral days’ sojourn. The 
increase, howe\'er, is not permanent. In a few months the erythrocj'tes 
return to nearly their original number. At the University of Colorado 
(altitude 5400 feet) the a\’erage for healthy medical students is about 
5,800,000. Several views have been offered in explanation of this effect 
of altitude: (a) Concentration of the blood, owing to increased evap- 
oration from the skin; (5) altered distribution of corpuscles, the 
reserve cells in the splanchnic vessels being thrown into the peripheral 
circulation; (c) accumulation of red cells in the capillaries of the 
skin; (d) new formation of corpuscles or delayed destruction, this 
gi%Tng a compensatory increase of aeration surface. The work of 
Schneider at Colorado Springs and of Llebesny of Vienna with the 
skin microscope supports the second and third of these views, although 
the fourth must be accepted to explain the moderate permanent 
increase. 

Pathologically, polycj’theraia is uncommon. It may occur in: 
( 0 ) Concentration of the blood from severe ^•atery ^airhea; (5) 
chronic heart disease, espedaUy the congenital variety, with poor 
compensation and cj-anosis; (c) acute poisoning by phosphorus, 
cantharides, or carbon monoxide; and (d) polyo'themia vera or ery- 
thremia (p. 316), which is considered to be an independent disease, 
and is diaracterized by a dark red cast of countenance, erj’throcyte 
counts of 7,000,000 to 12,00b,000, hemoglobin l20 to ISO per cent, and 
a normal number of leukocytes. An erythrocyte count of 15,900,000 
has been recorded (Morris). In these cases the cells are abnormally 
small; otherwise the cell volume would exceed that of the whole blood. 

Decrease of red corpuscles, or oligocythemia. Red corpuscles and 
hemoglobin are commonly decreased together, although usually not 
to the same extent. 

Oligocythemia occurs in all but the mildest s)miptomatic anemias. 
The blood count varies from near the normal in moderate cases down ' 
to 1,500,000 in very severe cases. There 5s always a decrease of red 
cells in chlorosis, but it is often slight, and is relatively less than the 
decrease of hemoglobin. Leukemia pves a decided oligocythemia, the 
average count being about 3,000,000. 

Method of Counting. — ^Although simple fn principle, accurate 
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satisfactory, especially ta lahoratoncs tn which a number of routine deter 
minations are made daily Its only disadvantage is In the cost of the equip- 
ment, which is somewhat more than that of a colonmcter However the 
instrument may be used as a colonmetcr or a ncphelometer, m fact, llicre 
are innumerable uses for it other than as a heraoglobinometcr The advaa 
tages of this method are that it is accurate, calibrated with the Van Slyke 
oxygen capacity method, the readings are mterpreted directly m grams pet 
100 c c , it 19 a very rapid method, as the determinations, which may be 
made immediately after diluting the blood, or several hours later, take 
only a few seconds There is no attempt to match colors, therefore, sub- 
jective errors arc avoided The only reagew/ used is a 0 1 per cent solution 
of sodium carbonate The maltruts needed in addition to the photelometer 
Itself are pipets, with which 0 1 cc of blood may be measured accurately, 
such as the Kahn pipet, or the Polm microsugar pipet, and a pipct with 
which to measurcaccuralc!y20ce of diluent intoaSOcc flask, or centrifuge 
tube Tlie procedure is to dilute 0 1 c c of blood m 20 C c. of 0 ! per cent 
solution of sodium carbonate thus making a 1 to 200 solution of oxyhemo- 
globin This IS most con\-cnicntly and most accurately done, in my expen 
ence by making the dilutions from a sample of blood immediately after 
It IS obtained by \entpuncture, for some other purpose The pbottloocter 
has a green glass filler In front of the phoironic type of photo-electnc «1! 
Thu filter transmits light m its maximal intensity at that portiio of the 
spectrum where the maximal alisorpiion occurs tn one of the ox> hemoglobin 
bands Tlie light mtcnsitx through a standard spectroscopic cell xrluch u 
filled with 0 1 per cent sodium carbonate, is first adjusted with an ins 
diaphragm so that the reading on the meter is 100 The specimen of diluted 
blood 19 placed in a similar spectroscopic cell is then moved into the psth 
of liehi in the earner, and the reading is made on the meter This lower 
reading really represents the decrease m current from the photronic cell 
which IS the result of the light absorption of oxyhemoglobui in the greeo 
portion of the spectrum (see Fig IM. p 356) This reading u translaltd 
directly mto a \alue for grams of hemoglobin per 100 cc of blood, by 
referring to a chart which is prepared mdividually for each Instrument by 
the manufacturer, based on oxygen capaaly determinations Karr and 
Clark* in a comparatixe study of various hemoglobin methods, stated that 
the meUiod of reading hemoglobin as ox\ hemoglobin in the photelometer 
IS consistently more accurate in its results than are determinations of 
oxygen capaaty as generally made Tbey recommended strongly that this 
method be used for routine work because of its simphaty and accuracy 

IV ENUMERATION OF ERYTHROCYTES 

In health there are about 5 000 000 red corpuscles per cubic 
miUimeter of blood The number is generally a little less — aboul 

‘Karr \V G and ClirV J If Compansonof \ anousllfmoclot in 

formed m Hp^piiat and I hysicians' Latoralorirt, Amer Jour Clio Path (Teeh-SupP 
V) ;/ 127 J^TjfSeit) 1941 
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three narrow parallel platforms extending across the slide The middle 
platform or “floor piece’ is exactly 0 1 mm lower than the two others Upon 
It IS ruled a square millimeter subdivided into 400 small squares In older 
counting chambers of this t\-pe each fifth row of small squares is subdivided 
bvan extra line for conv enience mheepiDg track of the areas to be counted 
Surrounding this are eight other square milhmeters which are subdivided 
differently by h«eubauer, Zappert, and others Only the central square of 
400 small squares is used in counting red corpuscles 



107— A new "open” counting chamber of excellent type It is toade in one piece 
uid the surfeces ol the platforms ere b ghlv polished making it possible to obtain New 
ton s bands u a entenon of proper xppticaliofi of the co% tr gloss. The lower figure shows 
the chamber in cross section vsith cover glass in place. 

In the “unproved Neubauer ruhng” now used on Lev} and I.e>v 
Hausser counting chambers the extra hne mentioned aboxe as subdividing 
each fifth row of small squares t$ omitted, and the 400 small squares are 
divided into twenty fitegroups of sixteen squares each b) a "split” boundary 
Une (hig lOS) 



Ug 103 — Croup of 16 small squares of ‘improved Neubauer ruling” showing split 
boundary lines 

In the “double counUug chamber” the middle platform is divided info 
two by a transverse groove and a ruling u, scored upon each 

The Spencer Lens Company offers a * bright line” hemaej tometer ifi 
which the rulmg is made on a metallic coating on the glass TTie Imes are 
verv visible, and the makers claim that the nature of the surface makes 
for a more ewn distribution of celb (Fig 109) 

Hausser’s counting chamber (Fig 1 10) is a new form consistmg of a 
bakchte slide m which is placed a small remox'able counting chamber which 
IS made entirely m one piece and thus avoids the troublesome loosening of 
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counting of blood corpuscles involves a technic which is acquired 
only after considerable practice. Exact and fairly rapid work is 
demanded Before beginning, one should familiarize himself with the 
mstrument and its ruling, and should read the directions carefully, 
giving especial attention to sources of error. It is likewise an aJvan 
tage to practice sucking the diluting fluid Into the pipet and stopping 
it at a predetermined height. After learning the technic, students 
should make numerous recounts of the same areas of the counting 
chamber, and also several different counts from the same dilution of 
blood, in order that they may appredate the discrepandes that easily 
occur m this procedure 



tig 106 —Hemacytometer, C 0 D<=tstinKof tewntme cViimber, a cover glass, and iwopipeu 
for diluuog the bbOd 


When purchasing a hemac^lometer it is veil, despite the oddxlmd 
cost, to secure one uhich has been tested by the United Slates Bureo'i 
of Standards The Bureau of Standards mark is placed upon each 
piece of such instruments In the case of the cover glass it is placed 
on the side which is always to be used uppermost 

l' The hemacytometer consists of two pipets for diluting the Wood and 
a counting chamber (Fig 106) Thcrubber lubes which come with Ihcpipf^ 
are often too short and loo flexible and should be replaced For this purpose 
noUiing is as good as a rubber catheter. , 

*^6 Barker type counting chamber (Fig 107), now most generally 
consists of a heavy glass slide, upon the middle third of which are fis 
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parts which have been cemented in place with balsam Counting chambers 
with vanous ruUngs of both smgte and double form and of different depths 
for counting blood platelets blood corpuscles and the cells of spinal fluid, 
can be had and are interchangeable m the bakehte holder AU are of the 
“open” type The instrument is equipped with cover glass chps which 
however, are not shown in the illustration 

A thick cover glass, ground perfectly plane, accompanies the counting 
chamber Ordinary cover glasses are of uneven surface, and should not be 
used with this instrument For use with objectives of short working distance, 
heav 7 cover glasses can be obtamed with a fiat bottomed excavation or 
' well m the center This combines the advantage of a thm cover with the 
rigidity of a thick one 

It IS evident that, when the cover glass is in place upon the platform of 
either type of counting chamber (Fig 107) there is a space exactly 0 1 mm 
thick between it and the ruled platform or disk, and that, therefore, each 
square miUimeter of the ruhng forms the base of a space holding exactly 
0 1 cubic millimeter 

A new style of counting chamber is 
illustrated m figure 112 This chamber 
IS ruled so that there axe four chambers, 

Qiakmg It possible to make duplicate 
counts of both red and white corpus 
cles Without the necessity of deamog 
and refilling the chamber or refocusing 
the microscope The two rulings for 
counting red corpusdes are the un 
proved Neubauer ruling and the two 
new rulings for counting white corpusdes are the Fuchs-Rosenthal ruling, 
originally designed for counting celb m spinal fluid, but very convenient 
because of the large area, for makmg white corpusde counts (see Fig 307, 
p 606) 

^_^ Dilutiog Flmds.— The most widely used are Hayem’s and Toisson’s 
Both of these have high speafic gravities so that when well mixed the 
corpusdes do not separate quickly Toisson’s fluid is perhaps the better 
for beginners, because it is colored and can easily be seen as it is drawn mto 
-the J.r jdaiuf Jdu* .rntdA* Iwd/iri/cs iiUie -huf xhis as jin Jteal Ad.wan 

tage It must be filtered frequently because of the ready growth of fungi 
m It Hayem s fluid is to be preferred for routine work For conx'emence 
m fiUmg pipeis the fluids should be kept in small wide-mouthed bottles 



Tig JJ2 — Levy cotuiUfls ehimber 
quadrupte with two Neubauer rulings 
Bad two Fuchs-Rosenthal nihngs. 


y '^^aytea s Fiiiid 

Mercuric cWonde 
Sod am suUate 
Sod urn chloride 
pisUUed water 


Toisson s Fluid 


0 5 Sod um chloride. 1 0 

5 0 Sod urn sulfate 8 0 

1 0 Glycenn 30 0 

303 0 D St Ikd water 160 0 


Methyl violet, 5 B to ^ve a ilrocg purple 
color 
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Rg. 109 — SpcDcer “bright line” counling chamber. The new construction males the liner 
appear white aguost a daric background. 



Fig. no.— Uauasec's counting chamber in bakelite holder. The cover glass and danips 
are not shown. 



rig 111.— Central square millimeter cJ the ruGng of the blood-counting chamber. It « 
subdi^ed Into 400 small squares. 
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Charging the Counting Chamber. — When ready to make the count, 
clean the counting chamber and cover glass Adjust the cover glass and 
clamp it in place if the counting chamber is supplied with clamps If the 
cover is properly adjusted and the slide be view ed obliquely, faint concentric 
lines of the prismatic colors — ^Ncntwi’s bands — can be seen between the 
cover and the platforms upon which it rests. They indicate that tl e nvo 
surfaces are in close appos'tion. If they do not appear at once, slight pressure 
upon the cover may bring them out Failure to obtain them is usually due 
to dirty slide or cover — both must be perfectly clean and free front dust. 
Some counting chambers have mat surfaces which make it impossible to 
bring out Newton’s bands 

When the cover is properly adjusted, mW the fluid in the pipet thor- 
oughly by shaking for about a minute. Now quickly blow 2 or 3 drops 




Fig. 114— New closure device tor diluting pipel«, showing manner of appiicition 

from the pipet, wipe ofT its tip, and holding the pipet in an inclined position, 
touch its tip to the angle iKtween the edge of the cover glass and one of 
the projecting ends of the floor piece. The fluid will run under the cover 
by capillarj* attraction. Care must be cTcrcised to use just enough fluid to 
fill the space beneath the co\er. Tbb is especially important when the 
instrument lacks cover-glass clamps, since an excess of fluid will tend to 
nuse the cover appreciably and thus increase the cell count. In a properly 
filled counting chamber the fluid nearly or quite fills the space beneath the 
cover, none has run o\Tr into the moat, and there are no bubbles. If these 
conditions arc not met the work must be done o>'er again. 

Counting. — Allow' the corpuscles to settle for a few minutes, and then 
examine with a low power to see that they are evenly distributed If they 
are not etenly distributed arer the vheie disk, the counting chamber must 
be cleaned and a new drop placed in iL 
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Filling the Pipet — To count the led corpuscles use the pipet with 101 
engraN-ed above the bulb It must be dean and dry Puncture the slin 
wipe off the first drop of blood, and fill the pipet from the second sucking 
the blood to the mark 0 5 or 1, accoitimg to the dilution desired While 
doing this hold the pipet hortaontally at nearly right angles to the line of 
vision so that the exact height of the column may be easily seen The side 
of the tip should rest against the skin but the end must be free Air bubbles 
Will enter with the blood if the drop is too small or if the tip is not kept 
immersed Should the blood go Shghtly beyond the mark draw it back by 
touching the tip of the pipet to a moistened towel Quickly wipe off the blood 
adhering to the Up plunge it into the dilutmg fluid and suck the fluid up 
to the mark 101, slightly rotating the pipet meanwhile At this stage it is 
best to hold the pipet nearly vertically m order to avoid inclusion of a large 
au- bubble in the bulb Tins dilutes the blood 1 200 or 1 100, according 
to the amount of blood taken Except in cases of severe anemia a dilutmn 



A D 

g 113 —Cross sect on of bulb and pirt of stem of dlut tig p pets K Onginsl 
Ihomappet Q Trenner automalicp pet In the latter blood fills the stem by capitlanr 
and nutomatically stops when it reaches the bulb 

of 1 200 IS preferable Close the ends of the pipet with the fingers,^and 
shake vigorously imtil the blood and diluting fluid are well mixed keepta 
the pipet honrontal meanwhile It should not be shaken in the direction of 
the long axis One to two minutes shaking is usually sufficient 

To fill the Trenner automatic pipet (Fig 113 jff) draw the blood by sue 
uon into the capillary potUon until it is nearly full Discontinue the suePon 
and if the pipet be held nearly horizontally, the blood will continue to 
nse to the end of the capillary and wdl automaucally stop there The 
fill iting fluid then is immediately drawn m b> suction as described abo'* 
for the Thoma pipet 

hen It IS not convenient to count the corpuscles at once place a hwvjy 
rubber band aroun 1 the pipet so as to close the ends inserting a small p ece^ 
of rubber cloth or other tough, nonabsorbent material if necessar) W 
prevent the bp from punching thnnigh the rubber It may be kept thus fot 
twenty four hours or longer StiD better closure devices can be purchased 
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has partially coagulated, when it is not thoroughly mixed with the diluting 
fluid, when the cover glass ts moved after the counting chamber is filled 



Ftc J15 — rive li'tiw 


or ivhen the suspension o%crfiow» into U e moat. The last may samelimr* 
reduce the count as much as 1,000,000 

(f) The pre«etice of jtasts, which may be niitaken for ccrpusclM, in 
the dnutiog fluid. 
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S D are included tv- o thirds of the repeated counts, and between 
*2S D are included 95 per cent of repeated counts Since *25 D is 
gencrallj accepted as significant limits, the error of a count of S million per 
cubic radlimeler made in the hemacytometer chamber cuing merely to the 
mrtaiton trt ike field of observation is 2 X45 ^ ^9 per cent This "error 

of the field" measured as S D is the minimal error to which a sngle 

estimate of the count can be considered subject so long as the hemacytometer 
IS used, but the error due to the variation withm tlie field of observation is 
not the onK one to v-hich the count as usually made is subject Separate 
fillings of different standard chambers with the same blood will result ui 
different total counts per measured unit volume m the different chambers 
owing to vanations m calibration, i.'arialions m the filling technic, variations 
in pressure of the cover slip, and so forth This may be referred to as the 
‘error of the chamber” Similarly, separate fillings of different standard 
pipcis with the same blood will result m different total counts per measured 
unit volume in the different pipets This may be referred to as the "error 
of the pipet " Berlvson, Magatb and Hum have determined the S D of 
the chamber error as 4 6 per cent of the mean count and the S D of the 
pipci error as 4 7 percent of the mean count Tor the total error, they gave 
for a count of 5 million \/4 I* + 4 6* -f- 4 ?•' » 7 7* or about 8 per cent 
Swee tinee the S D ts the t/suaJly accepted Umtls of significance, Ike error o1 
c Single eslmaie of ihe erythrocyte count uas gnev by them os ^16 per cent 
K large number of repeated counts of tbs kind wiB of course i.’ary and 95 
per cent of them will be within the limits of *J6 per cent, 68 per cent, or 
abouttv-o-thirds, willbewithiji «*»8percetjt InFig U6 is shown the distri 
buiion of repealed estimates (or a total count of 5 miUion per cubic 
miLimeter 

Cleanmg the Instrument — ^The instrument should be cleaned im 
mediately jifter using, and the counbng chamber and cover must be cleaned 
again just before use 

Transfer the rubber tube to the small end of the pipet and draw through 
it, successively, water, alcohol, ether, and air, or water, acetone, and air 
This can be done with the mouth, but it is much better to use a rubber 
bulb or suction filter pump When the mouth is used, the moisture of the 
breath will condense upon the interior of the pipet unless the fluids be 
sfiafien, and not blown, out If bfood fias coagulated in the pipet — iviiicfi 
happens when the work is done too slowly^— dislodge the clot with a horse 
hair (which can be obtamed from the haircloth interlining of a coat) 
never mth a wire, and clean with strong suJfunc acid, or let the pipet 
stand overnight m a test tube of the aad Even if the pipet does cot become 

• The total error js given as the squaie-root of the sum of the squares of the con 
stituent errors. Ihe 4 1 per cent for the error of the field is a shght modification found by 

Berkson hfagatb and Hum of what is given fay the Poisson distnbution (\/idb 500X100 
"• per Cent) 
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The “Normal” Error of the Count — Even if all usual precautions att 
taken to avoid the errors listed above, the estimate of the er:^hrocyte count 
per cubic millimeter of blood in the body is subject to error, as are all 
instrumental measures In the hemacytometer method m particular one la 
dealing with estimating the count m a very brge volume by taking a sample 
which IS relatively very small, and it is a common observation that different 
samples of an identical batch will differ one from the other If one uses the 
method of estimate recommended, that rs, counts the corpuscles m eghty 
squares, it is obvious that he will not get the identical count that he would 
if he used one particular set of eighty of the 400 available squares ratter 
than another (Fig 111) It should not be thought that this necessanlv 
indicates maldistribution of the corpuscles due to poor mixing Each cor 
puscle that enters the chamber takes a position among Uic 400 squares 'at 
random ' and as a result there will be a vanalion of the n umber of corpuscle' 
which fall into each square The theoretical mathematical law of this vana 
tion, which was first staled by Abbe* was more elaborately and indcpend 
ently presented bj “Student * and later was reinvestigated experimental)) 
together v ith an analysis of other sources of error of the blood count by 
Derkson Magath and Hum * The law »s called the ' Poisson distribution 
after the French mathenuliciao who enunciated the general bw of whsch 
the distribution of blood corpuscles in the hemacytometer is a particular 
case According to this law, the variation among the different squares in the 
e/wmJeris given by S D ®» Vm where m is the mean number of corpusdei 
per unit area and S D is the standard deviation* of the counts m these 
areas For instance, if the mean count per eighty squares is 500 as will be 
the case for a count of 5 tniUton per cubic milLmeter, the S I) ofcoimuof 
different sets of eighty squares m the chamber will be x/SOO or 224 Es 
22 4 

pressed relatively as a per cent, this IS- — X 100 = ISpercent Between 


' Abt>e r Ueber BlutkOrper Zahlung Jeiuiscbe SiUber 18*9 xcviiKv 

* Student On theLirorof Countine with* llemocytomeier. Bjometnka 351-W 

1907 

* Berkson Joseph Mii?vtfa T B , and Ham hlarsaret The Error of Litimvw “ 
the Blood Cell Count as Made with the Ilemocyiometer Am J Phys 

(Jan ) 1940 Betkvon Joseph Magath T B and Hum Margaret Laboratory SlaaM™ 
in Relation to Chance PluctuaUons of the Erythrocyte Cbunt as Esumated 
Ilemocyiometer J Am Stat /kssn JO 414-426 (June) 1935 Magath 1 B, 

Joscpl and Hum Margaret The Error of Determination of the Erylbroctye C«®' 
Am J a n Path 6 369-SVJ (Nov ) 1936 Berkson Joseph Some Difficulbes oi «»' 
pretation Fneountered in the Appl cation of the Chisquare Test J Am. Stat. 

U 526-536 (Sept ) 1938 

* The standard deviation is a measure of vanibBity given by the fo® 
j z (x — m)* where x is the observalron whose vanation is measured *« fa the b**® ** 
\ “ 

average, n is the number of observations and Z iiands for summauon 
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The color index is \ery significant m chlorosis and pemiaous 
anetma In the former it is usually much decreased, m the latter, 
generally much increased In hemorrhagic anemia it is low and may 
be \eiy low, suggestmg chlorosis In symptomatic anemia it is mod 
erately diminished 

To obtain the color index, divide the fercetilage of hemoglobin by the 
percentage of corpuscles For this purpose the normal number of corpuscles 
(100 per cent) is assumed to be 5,000,000 for each cu mm The percentage 
of corpuscles ma> be found by multiplying the first two figures of the red 
corpuscle count by 2 This simple method bolds good for all counts of 
1,000,000 or more Thus, a count of 2,500,000 is 50 per cent of the normal 
If, then, the hemoglobin has been estimated at 40 per cent divide 40 (the 
percentage of hemoglobin) by SO (the fiercentage of corpuscles) This gives 
I or 0 8, as the color index 

From what has already been said regarding the vanations m 
hemoglobin instruments, and of the impossibility of fiiang a normal 
standard for either red cells or hemoglobin which is applicable to all 
ages and m all localities, it y.ould appear that color mdex calculations, 
as above described, have little value They do, however, yield informa 
lion of great value m many cases of anemia, provided that the hemo- 
globmometer used has been standardized to give an average reading 
of 100 per cent upon the bloods of healthy adults with red corpuscle 
counts of 5,000 000 m each cubic miUuneter (p 207) In chil^ood, 
from about the sixth month to the fifteenth year, the color index 
IS normally low, since the henioglobm values fall disproportionately 
during this penod of hfe It is probable that the normal corpuscles 
are saturated with hemoglobin, and therefore that a high color mdex 
must be dependent on increased size of the corpuscles A low index, 
on the other hand, may be due either to small size of the red ceUs or 
to lowered concentration of hemo^obm m their substance 

VL VOLtTME INDEX 

The term “volume index” was mtroduced by Capps to express 
the average size of the red cells of an mdividual compared with their 
normal size It is the quotient obtained by dividing the volume of red 
corpuscles, expressed m percentage of the normal, by the number of 
red coipusdes, also expressed in percentage of the normal This 
means of expressing the average size of the red cells gives accurate 
information more readilj than does measunng them under the micro 
scope 
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clogged, It should be occasionally deancd In this way. When the etched 
graduations on the pipets become <Um, they can be renewed by rubbing 
with a wax pencil. 

Wash the counting chamber and the cover with water and dry them with 
clean soft linen Alcohol may be used to dean the latter, but never the 
lormer, unless it be of the new nontement type, although a handkerchief 



Fig lid— DlstnbuUon of repeated cstinates of Ibe erythrocyte count made by 
enumerating the erythrocytes in eighty squares o! the hemacytometer chamber for la 
individual with 5 000,000 erythrocytes per culdc mihim'ter ol blood The ordinate givn 
the per cent of the counts which will foil m each 100,000 Interval Tor instance, betscea 
5 000,000 and 5,100000 there will be 10 2 percent of the counts The standard deviation 
(S D ) of the counts is 190,000 and from Uiis may be calculated the frequency of counL 
falling In any interval Detween *0 67 F D (the probable error) will fall 50 per cent d 
the counts, hence one may expect 50 per cent to fall between 4,740000 and 5,260,000. 
Between *1 S D will fall 6Sper cent of the counts, hence one may expect 68 per cent to 
fall between 4,610,000 and 5,590,000 Belwceo*2SD will fall 95 per cent or almost aH 
of the counts, hence one may expect 95 per cent to fall between 4,220,000 and 5,780,000- 

shghtly moistened with alcohol may be used to wipe off the surface of tH« 
ruled disk and the platform. 


V. COLOR INDEX 

This is an expression which indicates the amount of hemoglobin 
in each red corpusde compared with the normal amount. For eJ 
ample, a color index of 1 indicates that each corpuscle contains tit 
normal amount of hemoglobin; of 0 5, that each contains one hal 
the normal. 
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subsequent calculations are similar to those descnbed m th preceding 
paragraph 

Sanford and Slagath' descnbed a ne« centnfuge tube for volume mdex 
determinations wlh a slight modification of the Haden method (Fig 118) 
This tube is made of hca\’y pyrex glass and will not break in the centnfuge 
It IS 5 inches long and wall fit in the 15 c c. centnfuge tube shell The capacity 
of the tube is onlj 6 c c , so that the graduations m 0 1 c c are well separated 
andtbele%clo{lhepacl.cdcelIsiseasil> seen The walls are parallel through 
out the entire graduated portion thus making the readmg of volumes at all 
lei-els equally eas> Half the ongmal 
Kaden quantities arc used, and the cells 
from normal blood will pack to the 2 4 
cc. mark The tube is also wr} useful 
in determinations of total blood tolume 
(P 332) 

VTI DIAMETERS OF ERYTHROCYTES 






Man> i cars ago, Pnce-Joncs* descnbed 
a method (or measuring the mean di 
ameters o! cr>'throc>tes Blood films are 
made and stained in the usual manner 
Some method of projecting them on to 
a sheet of paper on the table with a 
magnification of 1000 diameters is nec 
essarj Outline m pencil the individual 
cells, measuring 2 diameters to within 
0^ mm with a millimeter rule The 
mean of the two measurements is taken 
as the diameter of the cell Not less than 
200 erjthrocytes should be measured in 
this manner, and preferably a greater 
number, that is, up to 500 The measure- 
ments are grouped by 0 23 microns and 
the mean diameter of the entire number 
IS taken as the mean for the sample 
Price-Jones’ ongmal studies gave 7 4 mi 
crons as the mean diameter of normal erythrocytes This is considered 
now to be slightly low for a normal mean 

Although Pnee Jones’ cur\^ have been made and studied by many 
hemalolcigisls ever since, this method is laborious and has been replaced by 


Fig 118 — 'Hanford Magath vol 
ume index tube. 


* Sanford A. H. and Jlagath, T B A New Centnfuge Tube for Volume Index 
Detfimuialions (Modified Badea Method), Jour Lab and CUn Med., 15 172-173 
(Nov) 1929 

* Pnee Jones, Cecil The Vanation la the Sues of Red Blood Cells. Bnt. hfed. Jour 
2 1418-1419 (Nov S) 1910 
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Hie volume mdex more or less dosely parallels the color index 
but IS more dependable and more significant A volume index above 
1 IS practically constant in pernicious anemia and is now regarded as 
one of the most important signs of ihe disease The following are 
averages of the examinations reported by Larrabee 

Red corpuscles Hemoglobin per 
for each cubic cent by Sahli Color Volume 
Bulhmeter instrument Index index. 
Normal main 5 267 250 103 0 0 93 1007 

Normal females 4 968 667 106 0 1 06 1 001 

Primary pem aous anemii 1 712 166 SO 0 1 47 1 270 

Secondary anemia 3 737 160 61 0 0 81 0 790 

CUoross 3 20SOOO 34 5 0 55 0 695 

/Method — ^The Wmtrobe hematoent tube (Fig 117) is very often used 
for determining corpuscular volume Trepare a solution containing 0 8 Gm 
of potassium oxalate and 1 2 Gm of ammonium oxalate 
m 100 c c of distilled water Place exactly 0 S c c. of this 
mixture in each test tube and evaporate off the water 
and thoroughly dry before use This ammonium and 
potassium mixture docs not shrink Use erythrocj tes w 
no correction of the final reading of cell solution is 
necessary Place 5 c c of venous blood in a test tube 
containing 10 mg of the oxalate mixture Transfer iitth 
a capillary pipet the oxalaled blood to the hematocrl 
tube which is filled exactly to the 10 cm mark cap 
to prevent evaporation and centrifuge for twenlj 
minutes at 3000 r p m Make a reading and continue 
the centrifugation for ten mmutes longer to msure com 
Hg 117— tVinttvbe plele packing The reading on the tube multiplied by 
hematoent tube ten indicates directly the percentage of packed erythro- 
cytes per 100 cc of blood The sedimentation rate 
may be determined in the same tube before centrifugation by the Wintrobr 
and Landsberg method (sec p 330) 

A similar method which requires a still larger quantity of blood hs* 
been described by Haden and is now much used A graduated I5-c c ctn 
tnfuge tube is filled exactly to the 2 c c mark with 1 1 per cent’ * sodium 
oxalate solution and 10 c c of blood is added exactly to the 12 c c mar* 
The tube is inverted to oxalate the blood The cells are packed lo^< 
maximum amount, normal blood packing to 4 6 c c or 4 8 c.c W 
v-alue for normal blood should be detemuned with each centrifuge The 

• The itrength of ota'ale solution wluch originally was recommended by Haden 

1 6 per cent Laler he advised a I 4 per cent oxalate solution However 1 . 

oxa late solution 5s more nearly isotonic and should be used. The results will be d g > 
d if (rent with different strength osalate sohitSons „ 

* Magatb T B , and Hum Margaret Concerning Anticoagulants Am Jour 
Path 5S48 567 (Nov) 1935 
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imcler technics Pijper' deserbed and iraprorcd t -jtJxd !ct 

ncasunng erythrocytes CFig U9) Withth.sEetiedano^~l rr/ £ - 




Rg 122 — Field of view m the lladen Hausser erTthrocytometer (A. H Thomas Co) 

IS used as a diSraction grating This method uses the phenomenon of diflrac- 
bon first appbed by \ oung a century ago for the measuring of wool fibers 
•Pijper Adnanus TheDiagnosisof Addison’s(Pemiaous) AnemiabyaNewOptical 
Alethod Lancet. 2 367-368 (Aug 23) 1924 Pijper, Adnanus An Improved DiOractloo 
Method of Diagnosing and FoUowmg the Course of Peraiaous and Other Anemias Bnt 
hied. Jour i 635-638 (Apr 6) 1929 
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The mean corfusadar kemoglobtn concentration (C C ) — hemoglob’n in 
grams per 100 c c — volume of packed celJj, in c c per 100 c c X 100 This 
gives tlie average concentration of bemoglobm tn the erythrocytes expressed 
in per cent (%) This normally is from 32 to 38 per cent 

IX. ENUMERATION OF LETTKOCYTES 

The normal number of leukocytes vanes from 5000 to 10,000 per 
cubic millimeter of blood The number is larger m robust mdivrduals 
than m poorly nourished ones and, if disease be excluded, may be 
taken as a rough index of the mdividual s nutrition It nses appre 
aably m the afternoon regardless of the mtake of food Sabin finds 
the lughest count on any day to be approximately twice the lowest 
count on the same day (the highest usually betvseen 1 and 5 P u), 
and she also finds an hourly rhythm m the count These variations 
depend on the neutrophifs chrefy Since it'ts well to have a definite 
standard, 7500 is generally adopted as the normal for the adult With 
children the number is somewhat greater, averaging about 10,000 to 
12, COO in infants and somewhat below 10,000 m older children Leuko 
c>te counts ha\e much less diagnostic value m young children than 
in adults, since the blood of children reacts much more markedly and 
often m an atypical manner 

'Decrease ik Hombbr of Letjsocttes 

Counts of 3500 to 4000 per cubic millimeter are not uncommon 
in persons who are poorly nourished, although not actually sick 
The infectious diseases in which leukotytosis is absent (p 238) often 
cause a slight and sometimes a marked decrease m number of leuko 
cytes, owing probably to toxic inhibition of bone marrow activity 
Leukocytes occasionally fall below 1000 for each cubic millimeter, and 
if agranulocytosis (p 322), or lack of polyraorphonueJears, exists, the 
prognosis will be poor Chlorosis m ay produce leukopenia, as also per 
nicious anemia^ wluch usually ^ves it m contrast to the secondaiy 
anemias, which are frequently accompanied by leukocytosis Leuko 
cyte counts are, therefore, of some aid m the diflerential diagnosis of 
these conditions 

Li contrast to the normal digestive leukocytosis ^ 237), Widal 
has called attention to a digestive leukopcma, along with accelerated 
coagulation of the blood end a fall in blood pressure, in persons 
sullerirg from hepatic disease This so called “hemoclastic crisis” is 
induced by 200 c c. of milk given upon an empty stomach, the maximal 
orespnse occurring in about forty five to fiUj minutes At one time 
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A beam of parallel rays of white light produced bv a senes of leases is passed 
through an evenlj made blood film As the rays stnke the penphery of each 
erjthrocyte they are bent in toward the corpuscle and also split into the 
component colors so as to form concentric rings of the colors of the spsectrum 
These images are collected by lenses and projected on a ground glass 
saecn The apparatus is so constructed that the corona formed by a normal 
blood film makes half the images projected on a ground glass The film unde 
from blood compiosed of erythroortes of unknown size is placed so that the 
corona made by this shde used as a diffraction grating forms the other half 
of the image on the ground glass The examination should be made m a 
darkened room in order to see the coronas clearly A companson of the 
two coronas is very simple If the erythrocytes are smaller than normal ib 
the blood bemg exanuned, the corona will be larger than that made with the 
normal erythrocytes If there is macrocytosis, the corona will be smaller 
than normal (see Fig 120) 

Using this same prmciple, Haden* has devised a very useful instrument 
for the measurement of erythrocyte diameters by diffraction. IVlth thu 
mstrument, the bght is moved back and forth and ^e calibrations are made 
on the large wheel which moves the hght until the corona is adjusted to 
a certam position m relabon to four small jx>mts of bght. The mean diameter 
of the epythrocj tes is read directly from the cahbrations on the wheel (»« 
Figs 121 and 122) 

Vm. CORPUSCULAR SIZE AJIE HEMOGLOBIN CONTENT 

Wintrobe s study* of the size and hemoglobin content of the eo ihroeyle 
produced three valuable indices useful m hematology, especially m the 
classification of the ane mias according to normochromic, or hypochromic 
norraocytosis macrocytosu, or microcytosis as shown m Fig 160, page 301 
The mean corpuscular volume the mean corpuscular hemoglobm by weight, 
and the mean corpuscular hemoglobin concentration m percentage ma> all 
be easily calculated if the erythrocytes have been accurately enumerated 
the hemoglobm determined m grams for each 100 c c of blood, and tie 
volume of cells determined by some bematoent method 

The mean corpuscular lolume (C V ) = volume of packed cells (In 1®^ 
c c blood) — RJB C (m miHions pier cu mm ) The mean corpuscu^ 
volume is recorded m cubic microns (cu ji) The normal range is from ») 
to 94 cubic microns. 

The mean corpuscular htme^flobtn .fCJI.1 = hemiyrlobin m grams pc 
1000 cc of blood — RJBC (mrmUioDspercu mm) This gives the average 
weight of hemoglobm m each erythrocyte m micromicrogratos (Tir), 
milbonth part of a microgram (gram X 10-^ The normal range is fro® 
27 to 32 micromicrograias 

* Hadea R. L. A New Instnimeot for the Diffractometnc Measurement of ti* 

Diameter of Red Blood CeDa Jour Lah. and Clin Med 25 3»-403 U“> ) ^ 

* Wintrobe M M The Slae and Hdnoglobin Content of the E^ytb^oeyt^ J 
Lab and Ola. Med , 17 SW-912 (Jum). 1M2. 
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Theoretically, there should be a subdivision for each variety of 
leukocyte, for example, neutrophilic leukocytosis, lymphocytic leuko- 
cytosis, eosinophilic leukocytosis, monocj tosis, and so forth Prac 
tically, however, only two of these, polymorphonuclear leukocytosis 
and lymphocytic leukocytosis, need be considered under the head of 
leukocytosis Increase in number of the other leukocytes will be 
considered when the individual cells are described (pp 257-2^5) 
They are present m the blood m such small numbers normally that 
even a marked increase scarcely affects the total leukocyte count 
and, besides, substances which attract them into the circulation fre 
quently repel the polymorphonuclears, so that the total number of 
leukocytes may actuaUy be decreased 

The polymorphonuclear neutrophils are capable of active ameboid 
motion, and are by far the most numerous of the leukocytes Lympho 
cytes are about one third as numerous and have httle independent 
motion As one would, therefore, expect, marked differences east 
between the two types of leukocytosis, neutrophilic leukocytosis is 
more or less acute, coming on quickly and often reaching high degree 
whereas lymphocytic leukocytosis is more chrbnic; comes on more 
slowly and is seldom so marked 

I Polymorphonuclear Neutrophilic Leukocytosis — Neutro- 
philic leukoc> tosis may be either physiologic or pathologic A count 
of 20 000 would be considered a marked leukocytosis, of 30 000, high 
above SO 000 extremely high 

Physiologic Neutrophilic leukocytosis — This is never very 
marked, the count seldom exceeding 12 000 or 14,000 in each cubic 
millimeter It may occur In the newborn, as high as 18 000 m the 
first few days of life m pregnanry during the nmth month, most 
marked in pnmiparae,^^/ during labor, averaging about 18 000 m 
pnmiparae much less m multiparae, and subsiding dunng the first 
few days of the puerperium,^<f) dunng digestion, and, (4 after cold 
baths There is moderate leukocytosis in the monbund state, occa 
sionally reaching 20 000 , this is commonly classed as physiologic, but 
IS probably due mainly to terminal infection ^ 

The increase i n these conditions is noTTiimted to^e neutrophils 
LjTnphocy tes are likewise increased m varying degrees, most markedly 
m the newborn __ 

In View of the normal nse in the afternoon and of the leukocyiosis 
of digestion which usually increases the leukocytes by about 30 per 
cent, the hour at which a leuko^te count is made should always be 
rewrded Digestive leukocytosis is most marked three to five hours 
after a hearty meal nch m protein, especially when such a meal fol 
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It promised to be useful as a test of hepatic losuffiaency, but is now 
little regarded excepting as an interesting phenomenon 

IRCKLASE nr NOMBXR Ot LEUKOCYTES 

Increase in number of leukocytes is common and of great impor 
tance It may be considered under two heads 

A Increase of leukocytes due to chemotams and stimulation of 
the blood making organs, or leukocytosis The mcrcase affects one or 
more of the normal varieties 

B Increase of leukorytes due to leukemia Normal varieties are 
increased, but the characteristic feature is the appearance of great 
numbers of abnormal cells 

The iorznet may be classed as a transient, the latter as a permarteid 
increase 

Ledkocytosis 

This term is vanously used By some it is applied to any maease 
m number of leukocytes, by others it is restricted to increase of the 
poIj'morphonucJear neutrophilic variety As has been indicated it u 
here taken to mean a transient increase in number of leukoQtes 
that is one cau«ed by chemotaxis and stimulation of the blood 
produang structures m contrast to the permanent mcrcase caused 
by leukemia 

By chemotaxis is meant that property of certam agents by which 
they attract or repel living cells — positive chemotaxis and negatnt 
chemotaxis respectively An excellent illustration is the accumulation 
of leukoiytes at the site of inflammation, owing to the positutly 
chemotactic influence of bacicna and their products A great many 
agents possess the power of attracting leukocytes mto the general 
arculalion Among these are many bacteria and certain organic and 
inorganic poisons 

Chemotaxis alone will not explain the continuance of leukocyloss 
for more than a short time It is probable"that substances which are 
positively chemotactic also stimulate the blood produang organs to 
increased formation of leukocytes and m at least one form of 
cytosis such stimulation apparently plays the chief part 

As vail be seen later, there are several vaneties of leukocytes is 
normal blood, and most chemotactic agents attract only one variety 
and either repel or do not influenix the others It practically never 
happens that all are increased in the same proportion The m^t 
satisfactory classification of leuluxytoses is therefore, based upon tfi* 
type of leukocyte chiefly affected 
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uDComplicated cases generally show low nonnal leukocyte counts, 
a%'craging 5000 to 6000, with a tendenty to subnormal counts on the 
first day or two and with the lymphocytes at a high normal Ie\el or 
slightly increased In an occasional case the count may be 12,000 to 
15 000 With the onset of pneumonia a defimte leukocytosis usually 
occurs 

All inflammatory and suppurative processes cause leukoty^osis, 
except when slight or well walled off This is particularly marked m 
infections with staphylococa, streptococa, and pneumococa Appen 
diatis has been studied with especial care m this connection, and the 
conclusions now generally accepted probably hold good for most acute 
intra abdominal inflammations A marked leukocytosis (20,000 or 
more) nearly always mdicates abscess, peritonitis, or gangrene, even 
though the clinical signs be slight Absence of or mild leukocytosis 
indicates a mild process, or else an overwhelmingly severe one, and 
operation may safely be postponed unless the abdommal signs are 
very marked On the other hand, no matter how low the count, an 
increasing leukocytosis— counts being made hourly— mdicates a 
spreading process and demands operation, regardless of other symp 
toms 


Leukocyte counts alone are o/ten disappotnhng m infectious and 
inflammatory condtltons, but are 0 / much greater value when considered 
in connection with the percentage of neutrophils (p 270) Every total 
leukocsle count should be accompanied by a differential count 

(ff) Malignant Disease — Leukocytosis occurs in about one half of 
the cases of malignant disease In many instances it is probably 


indep e ndent of anv secondary infection , smee it occurs m both ulcer 
ative and nonulcerative cases It seems to be more common m sarcoma 


than ut carcinoma Very large counts are rarely noted 

Postoperative — ^The number of leukocytes rises moderately 
after^perations irrespective of infection, reaching a maTim nm m 
about SIX hours The degrK depends upon the seventy of the opera 
tion, amount of tissue damaged, loss of blood, and possibly upon the 
anesthetic used — 

Posthemorrhagic — ^Moderate leukocytosis follows hemorrhage 
and disappears m two to four days This is cspeaally true of hemor 
rbage mto the serous cavities which nearly always mcreases the feuko 
cyte count 150 to 300 per cent withm ten hours In cases of ruptured 
tubal pregnancy with hemorrhage mto the peritoneal cavity the count 
usualW reaches 18,000 to 30,000 

ffi Toxic — rhis is a rather obscure class, which mcludes gout 
chrome nephntis, acute yellow atrophy of the hver, ptomaine poison 



THE BtOOO 


23S 

lon-s a long fast It is absent in pregnancy and ^hen leukocytosis from 
any other cause exists It is usually absent m cancer of the stomach, 
a fact wluch may be of some help in the diagnosis of this condition, 
but repeated examinations and careful technic are essential The 
ab'smce of digestive leukocytosis in liver disease (U^dal s test of liver 
function) has been mentioned on page 235 

Pathologic Neutrophilic Leukocytosis — ^In general, the r^ 
sponse of the leukocytes to chemotaxis is a conservative proass It 
has been compared to the gathering of soldiers to destroy an invader 
This IS accomphshed partly bj means of phagocytosis — actual inges- 
tion of the enemy — and partly by means of chemical substanas whidi 
the leukocytes produce 

In those diseases m which leukocytosis is the rule the degree of 
leukocytosis depends upon two factors The seventy of the infection 
and the resistance of the individual A well marked leukocytosis usually 
indicates good resistance A mild degree means that the body is not 
reacting \tc 11, or else that the infection is too slight to caO forth much 
resistance Leukocytosis may be absent altogether when the infection 
IS extremely mild, or when it is so severe as to overwhelm the organism 
before it can react \NTieQ leukoQ^tosis is marked, a sudden fall m the 
count may be the first warning of a fatal issue These facts are esp^ 
cially true of jneumonia. diphtheria, and abdommaljnflammations, 
in which conditions the degree of leukocytosis is of considerable 
prognostic value 

'Hie classification here given follows Cabot m the mam 

Iniectious and Injfammatory Diseases —The majority of mfec 
tious diseases produce leukocytosis The'degree vanes with the site 
and nature of the disease, the virulence of the infection, the resistance 
of the individual, and the presence of complications, hena no definite 
figures can be given for any particular disease However, the counts 
which are to be expected m typical cases of the more important 
infectious diseases which produce leukocytosis are somewhat as fol 
lows Pneumonia. 20 000 to 30000, a few counts over 100 000 haiTni 
been recorded, scarlet fever, 20 000 to 30 000, diphtheria, 15,000 ta 
25 000, eji&inelas720 000 to 25,000, Asiatic'cholera. 25,000 to 30 «». 
maaup gpcoccus meningitis, 20 000 tn :stni(inj mening t>^ 

10,(WO to 20j000, acut e_articular rheumatism,^ 10,000 to 15 000 
vTTie most Importantinfectious diseases do tiot Jia.VfeJe«^ 
arc influenza, mcaslw. German jmeasles, malana 
iu bcrculosi s. exapt when invading the meninges or when com^icaW 
by mixed infection, and typhoid and paratyphoid fevers in 
leukocytosis indicates an inflammatory complication la influei^ 
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and leukemia is always to be suspected when it exceeds 50,000 Lower 
counts do not, however, exclude it The subject is more fully discussed 
later (p 317) 

Method op Cotnrnso Leukocttes 

The leukocytes arc counted with the hemacytometer already 
described (p 218) Numerous modifications of the original ruling have 
been introduced, notably the Turk, the Zappert Ewing, and the 
Neubauer (Fig 123), which give a ruled area of 9 sq mm , the center 
ha\Tng the ruling which is used for counting the red corpuscles 
Of these, the Neubauer may be especially commended Some of them 
nere originally devised for counting the leukocytes in the same 
dilution with the red corpusdes The two kinds of cell are easily 
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Hg 123 — EnUre area of unpioved Neubauer ruj ng 


distinguished, especially when Toisson s diluting fluid is used The 
red cells are counted m the central portion in the usual manner, after 
which all the leukocytes in the whole area of 9 sq mm are counted, 
and the number m a cubic miUimcter of undiluted blood is then 
calculated 

Although less convenient it is more accurate to count the leuko- 
cytes separately, wth less dilution of the blood, as described m the 
following paragraphs 

Technic. — A larger drop of blood is required than for counting the 
erj-threej tes, and more care in filling the pipet, since the bore is consider- 
ably larger than that of the “red ' pipci If desired a “throttle” may be 
used iQ the rubber tubing on the pipct Amstutz suggested the use of a 
25-gauge hypodermic needle as a mouthpiece for this purpose 
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mg prolonged chloroform narcosis, and quinine poisoning Leukocy 
tosis may or may not occur m these conditions and is not important 
Drugs — This also is an unimportant class Most tonics and 
stomachics and many other drugs produce a slight leukocytosis A 
moderate leukocytosis may also occur as a result of prolonged anes 
thesia. 

Lymphocytic Leukocytosis — ^This is charactenaed by an 
increase in the total leukocyte count, accompanied by an increase in 
the percentage of lymphocytes The word “Ij mphocytosis’ is often 
used in the same sense It is better, however to use the fatter as 
refernng to any increase m the absolute number of Ijmiphocytcs 
without regard to the total count, since an absolute increase in number 
of lymphocytes is frequently accompanied by a normal or subnormal 
leukocyte count, owing to loss of neutrophils 
/Lymphocytic leukocytosis is probably due more to stimulation of 
bloo d making organs than to dicmotavis It is less common and is 
rarely so marked as a neutrophilic leukocytosis ^\^len marked, the 
blood cannot be distmguished from that of lyTnpbotic leukemii 
A marked or high lymphocytic leukocytosis occurs m jxrtusgis 
It IS said to appear early in the catarrhal stage and to reach its maxi 
mum at the height of the paroxysmal stige, after which it gradually 

subsides Inthirtywel! marked cases studied by Schneider the amage 

leukocj te count was 19 000 m the first week nsing to about 27 OW 
m the third His lowest counts in the first week were 12 600, ^aod m 
the third 16 800 Leukocyte counts would, therefore, seem t^baw 
great value m diagnosis but m our experience they have often been 
disappointing, since in many mild cases the count does not nse abo\t 
what may be regarded as a high normal for children before the char 
acteristic whoop begins \ 

There is slight or moderate lymphocytic leukocytosis in xlher 
diseases of ^ildhood as nekets, scurvy and especially heredity 
syphili s. In the last mentioricd disea^ the blood picture may at times 
approach that of pertussis It must be borne in mind in this connec 
tion that lymphocytes are nonnally more abundant m the blood el 
children than m that of adults ' 

Withm the past few years a number of cases of “acute infections 
mononucleosis ’ witli glandular enlai^ment and fever have bcM 
reported (p 32t) > 

•J B LroKKifiA 

This IS an idiopathic disease of the blood making organs which is 
accompanied by an enormous increase in number of leukocytes Ihc 
leukocyte count sometimes reaches 1 000 000 per cubic milliw®^^ 
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degree of dilution of the blood, and is ample to remember: Otte always 
caurtis a number of jiclds equal to the number of times the blood has been diluted, 
and odds two ciphers. The count should be repeated upon several slides and 
the average taken. 

It is sometimes impossible to obtain the proper size of field with the 
objectives and eyepieces at hand. In such case place a cardboard or stiff 
paper disk with a circular opening upon the diaphragm of the eyepiece, 
and adjust the size of the field by drawing out the tube. The circular opemng 
can be cut with a sharp cork borer. 



Dfluting Fluids. — ^The diluting fluid should dissolve the red corpuscles 
so that they will not obscure the Icutocylcs. The simplest fluid is a 1 per 
cent solution of acetic add. hlore satisfactory is the following: Glacial 
acetic acid, 1 c.c.; 1 per cent aqueous solution of gentian violet, 1 c.c.; 
distilled water, 100 c.c. These solutions must be filtered frequently to 
remove yeasts and molds. 

X. EmrMERATION OF BLOOD PLATELETS 
The normal number of blood platelets, when counted by the 
direct method described belovr, ran^s from 250,000 to 350,000 for 
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Use the pipet with H engraved above the bulb ^ Suck the blood to the 
mark 0 5 or 1, and the diluting fluid to the mark 11 This gives a dilution 
ol 1 20 or 1 W respectnely The dilution of 1 20 is easier to make, 1/ 
the blood should accidentally go much above the 0 5 mark, draw it to 0 6 
and multiply the final count by 5/6 Mix well by shaking in all directions 
except m the long axis of the ptpet blow out 2 or 2 drops, place a drop in 
the counting chamber, and charge the counting chamber as already described 
(p 223) 

Examine with a low power to see that the cells are evenly distnbuted 
Count with the 16-min objective and a high power eyepiece or with the 
long focus 4-mm and a low power eyepiece An 8 mm objective also will 
be found very satisfactory for this purpose As one gains expenence one 
will rel> more upon the lower powers A square millimeter ma> be included 
m the field of the 16-mm objective with a medium ocular 

Count alt the leukocj'tes m several square millimeters and find the 
average per square millimeter Muluply this by 10 to find the number In 
1 cu mm of diluted blood, and by the dilution to find the number m a 
cubic milluneter of undiluted blood In every case at least 200 Ieukoc)tes 
must be counted as a basis for calculation, and it is mucli better to count 
500 With Neubauer and similar rulings and a dilution of 1 m 20, a con 
venient plan is the following With a low power objective count the leuko- 
cytes in the square millimeters at each of the four comers of the ruled area 
and muluply by 50, or divide the count by two and add two ciphers This 
should be repeated upon a second and a third slide and the avenge takes 

In rouUne work Todd s modification of the * circle’ method is very 
satisfactory It requires a 4-mm objective, and is, therefore, especially 
desirable for beginners who arc usually unable accurately to idenufy 
leukocytes with a lower power The student is frequently confused by 
parUcles of dirt, remains of red cells, and >Tast cells which are prone to 
grow m the ddutmg fluid Draw out the sliding tube of the microscope 
until the field of vision is such as shown in Fig 124 One side of the fieW 
is tangent to one of the ruled hoes A, while the opposite side just cuts the 
comers B and C, of the seventh squares m the rows above and below ihf 
diameter line \Vhen once adjusted a snatch is made upon the draw tube 
so that for future counts the tube has only to be drawn out to the mark 
The area of this xmcroscopic field is 0 1 sq mm ^\ ith a dilution of 1 20 
count the leukocytes m 20 such fields upon different parts of the disk 
without regard to the ruled lines, and to their sura add two ciphers Wti 
dilution of 1 10 count 10 such fields and add two aphers Thus witb 
1 10 dilution if ISO leukocytes were counted in 10 fields the leukocjW 
count would be 15 000 for each cubic milbmeter To compensate for possibk 
unevenness of distribution, it is best to count a row of fields horuoatau) 
and a row vertically across the disk This method is applicable to anj 

• la Eome coses of leukem a with very hi gh count it may be necessajy to w* 
red pipet wiiL dUuUoa of I tOO 



EJ^UiTEJUTIOS OF BLOOD PLATELETS 


245 


jn function, bnnging about coagulation vetj slowI> The clot, though 
delajed, is ^ell formed and has normal retractile power In purpura 
haemorrhagica, upon the other hand platelets are functionally nor 
mal, but greatly reduced in numbers ranging from about 40,000 to 
75 000 for each cubic millimeter m mild cases, and down to 15,000 or 
below in severe cases Coagulation time is about normal, but the 
platelets are too few to cause normal retraction of the dot 

Blood platdets are. difhcult to count, owing to the rapidity with 
which thej disintegrate and to their strong tendency to adhere to any 
foreign body and to each other The unavoidable error is greater than 
m counting red corpuscles or Icukocjtes but is negligible in practice, 
because only very great variations m the count have dinical sig 
tiiiicance It is often possible to rccognue a great loss of platelets 
from a careful inspection of stained films provided these are made 
evenly and very quickly m order to avoid dumping 

Method of Couatiag Platelets— Manj methods have been proposed 
Of these, the dinict method, which cmpJo>s the hemac> tometer already 
described is the most practicable for clinical purposes although the counts 
are regularly lower than are >ieldcd by some of indirect methods 
Rapid work is necessar. m order to prevent dumping of the platelets 
The dJuiing fluid is drawTi to near the 1 mark m the ‘ red ’ pipet blood 
from a freely bleeding puncture is drawn etaedy to the Oo mark, and 
finally the ddutiog fluid is quickly drawn to the 101 mark This gives a 
blood dilution of 1 in 200 Ihe blood and diluting fluid ure unmediate}) 
rawed by shaking for about two minutes the counting chamber is filled 
at once, and ten minutes are allowed for the coipuscles to settle before 
counting 15 begun The count is made with the high dry objective and a 
high ocular (tOX) in the manner described for red corpuscles A control 
count of the platelets should alwa>'s he made with the blood from a normal 
person, at the same tune, and usmg the same diluting fluid and exactly the 
same technic 

Dflutmg Fluid of Wnght and Kmiucatt • — Platelets appear as rounded, 
hlac-colored bodies, red corpuscles are decolorwed, appearing only as 
shadows, leukocytes are stained. 

Aqueous wtution brinianf cresyt blue ft 500) 2 parts 

Aqueous solution potnssiua c/anide (I 1400) 3 “ 

These two solutions are kept in separate bottles and mixed and filtered just 
before using The cresvl blue soJuDon is permanent, but molds have a 
tendency to grow in it The cyanide solution detenorates after about 
ten da>-s 

‘VVwghtJ IIv and Kinnirutt, Roger A New Melliod of Counting the Blood PUleleis 
for Clinirat I^rposes, and Some of the Results Obtamed with It, Jour Am. ^led. Assn 
14Sr 1459 (May 20) 1911 
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each cubic millimeter of blood They are intimately connected with 
the process of coagulation and this appears to be their chief function 
The precise r61e which they play is not, however, entirely dear 
They are apparently the chief source of the prothrombin of the blood 
plasma, they probably furnish at least part of the thromboplastic 
substance of the tissues, and after coagulation has taken place, they 
undoubtedly serve to bring about retraction of the dot, since the 
rapidity and degree of retraction \afy directly with the number of 
platelets present In general, whenever from any cause the platelets 
fall below 60 000 for each cubic millimeter of blood, a hemorrhagic 
tendency becomes e\ident 

Physiologic variations m number of platelets are marked Thus 
the number increases as one ascends to a higher altitude, and is 
higher in wmter than m summer There are unexplamed variations 
from day to day, hence a single abnormal count should not be taken 
to mdicate a pathologic condition In disease, variations are often 
extremely great An increase may be due to increased number or 
increased activity of the bone marrow giant cells (megakaryocytes) 
wluch are the mother cells of the platelets A decrease is more impor 
tant It may be referable to injury or destruction of the megakarjo 
cytes or to destruction of platelets m the circulation There is no 
means of recognizing increased destruction of platelets as there is la 
the case of red corpuscles The normal life of the platelets is esti 
meted (Lee and^ilinot) at about four days E\en when platelets are 
present in normal numbers they may be functionally defective 

Upon the clinical side the following facts seem to be established 

(a) In acute infectious diseases the number is usually normal or 
subnormal In diphtheria, cspeaally, the count may fall to a veiy 
low level with development of a tendency to hemorrhage As a rule 
the platelets increase during convalescence 

(b) In secondary anemia especially posthemorrhagic, platelets are 
generally increased although sometimes decreased In pernicious 
anemia they are nearly always greatly diminished, and an increase 
would question the diagnosis of this condition 

(c) They are decreased m ebrnme JymphaJAC leukemia^ ^’a^able 
but usually greatly increased m chronic myelogenous leukemia, mucb 
decreased in acute leukemia of either form 

(d) They are somewhat increased in tuberculosis 

(c) Platelet counts are of great value m differentiating the heffor 
rhagic diseases Both hemophilia and purpura hacmorrhagica si’c 
caused by disturbances of the platelets, but may be sharply differ 
entiated In hemophilia platelets are normal m number, but defectiw 
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PI.sma Pktelal Count-Nygaard' te van 

Lheantoclave,andkeptmasteneconmn«UaaalO^^^^^^^^ 

which is accurate at the 9 c c. mark, and a mtivenient tube of suit- 

Ution chamber, use the Van Allen chamber or any convenient tube 

““iSL-l. Draw exactly 9 C.C. of oxalate f 

2. By venipuncture, draw exactly 1 c. jie'^blood U with 

into the oxalate solution in the syringe. in 

drawTi so that the mixture measures exactly lu c ^ 

''’'I^Eipel the contents of the syringe into the 
tation chamber, and draw exactly 10 c.c. o 
solution into the svringe; this is added to the m 
the sedimentation chamber. ,, 

4 Mix oxalate solution and b\ocd / 

closing the mouth of the chamber and . . j 

the chamber once or twice. The dUuUon of blood is 1 

After sedimentaaon of the erythrocytes has^oc- 
curred, and at any time up to four to six bo » 
with a capillary pipet, a portion of the oxala P 

“TK';he4-mnr.obiecriveaU^ ,,_V„ 

" ■ ' rreluircf‘?«„i« A.- 

of the central cross ruled 


6. Count with the 4-mm. oDjeenve .o snoares in pis 1 
in 80 small squares in five groups of _ ,.onvcnicnt to Allen 
dirrctcnl parts of the hemacytometer. It is ^ 

count onrgroup in each corner of tfie central cross 
area, and one group near the center. puieiets per cubic 

Add three zeros to the tolal count for Itie A ph>,a,ct count 

millimeter oi blood. With this method the ax b 


millimeter of blood. With tnis meui 

is about 320,000 per cubic milUroeter. features of the methods 

Sun another method which coinbinw wm , g^^eeney.* Draw U per 

described has been found useful by . jj,e j mark and expel 

Bwhitcbiooav * , .j,u^Proc 


cent sodium oxalate into a x 


white Pl.„ha u. Oodxled rlwm, Tree 

«1%.X ol..f A M^lhodfOfUlW**'^ . .. 


*• A'lrcirngt 01 Mayo V.IIII.V “ ^ 

’Tbomsen, Olut A Melh®d for - #*nt «>luli<wi U 

reeommrndeO ai an anticoagulant aa » , nl.ialaia. I. lait, 

detemmanonn „ . .A Malhodoi CounlmgEtood rlaleleta. J. ua 

•"alia,. T. F. anil SwcwW; ’ ' A" 

»nd CLn. Med 25 103- lOS (Od-J 
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Diluting Fluid of Rees and Eeker This solution preserves the ted 
ajrpuscles ^\hjch may be counted m the same specimen 

Sodium atiate 3 8 ptr cent aqueous sotntioB 100 0 c c. 

Formaldehyde, 40 per cent soluttoa 0 2“ 

Bnlliaat crcsyl blue 0 1 Cm. 

Diluting Fluid of Guy and Leake *— This fluid has been found espeaally 
satisfactory It does not destroy the red corpuscles 


D stilled water 9i 0 ce. 

Formalin 40 per cent solutwn 6 0 “ 

Sodium oealate 1 6 Cm. 

Crystal violet 0 01 “ 


The fluid is wanned filtered, and preserved m stoppered bottles It keeps 
well 

Van Allen* “Thiombocytociit ” — ^This method has proved a satisfactory 
substitute for counting methods It requires a special spherical sedimcntatioa 
chamber of 20 cc capacity, and a specially constructed centrifuge tube 
(Fig 125) The capillary portion of this tube has a capaaty of 003 ct 
and IS graduated lo thousandths of a milliliter In use it iS necessary to close 
this tube with a spnng cbp which must be purchased with the apparatus 
Wc/Awf—Draw exactly 6 cc of 1 3 per cent solution of sodium axabte 
into a Record sjTinge Exclude the air bubble, and draw exactly 4 c c. cf 
blood from the patient's \eLn into the synnge containing the anticoagulant 
Deposit this m the sedimentation chamber and add exactly 10 cc. of the 
oxalate solution Thoroughly mu the contents with the synnge, and set 
the chamber aside for three and a half hours By means of the 6>Tinge and 
needle, carefully remove exactly 5 c c of the supernatant fluid this repre- 
sents 1 cc of the original blood Include 0 slight trace of the corpuscular 
sediment to gue the fluid a slightly reddish tinge Place this m the ihrom- 
bocytocrit, apply the sealing clips, and centrifugaliae at SaOO revolutirws 
per minute for one and a half hours The capillary portion of the tube mil 
be partly filled with sediment which tv ill be sharply defined in two layers- 
The red tinged lower layer represents the corpuscles, while the platelets be 
abov-e in an ivory white layer The volume of this layer can be read m 
thousandths of a cubic centimeter By shifting the decimal point two places 
to the right the result will indicate the percentage of platelets by volume 
m whole blood The normal range for htiaiaa beings is 0 Jo toO 67 per cen* 
with this method Laboratory animals have a higher range 

‘Rets II M.,andEcker E T An Improved Method for CounUng Blood Pl»tel«a 

Jour Am. Med Asyi SO 6^-622 (iljeeh 3) |02J 

» Lealce CD and Guy F F AD lutur Fluid for Phtelel Counung Jour Am- 
Med Assn 890*811 (Mircb t025 . , 

•Van Allen C. M Volumetric Measuremeal of Blood Plalelets Jour Lab w 
Clm Med., 12 282-285 1926. 
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Nearly all ordinary slides are slightly curved In order that they 
may he firmly upon the microscope stage without rocking, the blood 
film should be spread upon the convex side, ■nhich is recognised by 
laying the slide flat upon the table and twirling it rapidly by snapping 
the end with a finger The side upon which it twirls the better is 
the convex side 

Ehrlich’s Two-cover-glass Method — This method js widely recom 
mended, but cousidenble practice is required to get good results Touch 
a large co%'er glass to the top of a small drop of blood, and place it, blood 
side down, upon another large cover ghss If the drop be not too large, 
and the covets be perfectly clean, the blood will spread out m a very thin 



Fig 126 — Spreading ihe Glm two-cover glass melhod 


la\er Just as it stops spreading before it begins to coagubte, pull the 
covers quickly but firml} apart on a plane parallel to their surfaces (Fig 126) 

This method is especiallj to be recommended for very accurate differ 
ential counts, since all the leukocytes in the drop vmJI be found on the two 
Covers, and thus the error due to unequal distribution can be excluded bj 
Counting all the leukocjtcs One of the covers is usuallj much better spread 
than the other 

Shde-and-cover Method — Beacom used a slide and cover m a manner 
similar to tliat described above for two cover glasses A small drop of blood 
from a puncture »s taken upon a clean sbde about J inch from the end, and 
a clean thm cover glass is quickly applied As soon as the blood has ceased 
spreading the tips of two fingers are placed on the cover, and, with the 
hghUst pnsstbk ^esstire the cover is sbd quickly along the sbde, bving a 
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by blowing This wets that portion of the pipet and prevents the platelets 
from adhering to the glass Draw blood to tlic 0 5 mark, then fill the pipet 
(0 the II mark with 1 1 per cent sodium oxalate solution llix by shakiag 
thoroughly I’lacc a heavy, rubber land around the pipet to close the ends 
and centrifuge for lialf a minute at 1000 revolutions per minute to drive the 
erythruc>tes into the stem of the pipet Gently expel the erj'throc} tes from 
the stem of the pipet and place a drop of clear, supernatant fluid m the 
counting chamber Allow the phlelcis to settle for ten minutes and tlen 
count all the platelets in SO small squares ft is important to focus carefully 
over each square so as to count dll the platelets at different levels in the 
chamliers Add three ?eros to the total count for the number of platelets 
per cubic miliimelcr of blood 

STUDY OF STAINED BLOOD 
A. Maeirc and Staihino Blood Films 
1 Spreading the Film — Properly spread films are essential to 
ucciirate iiorl They more than compensate for the time spent ta 
learning to make them llicre are certain requisites for success with 
any method (o) The slides and covers must be perfectly clean, new 
slides should be soaked in a 10 per cent solution of acetic acid and 
then rinsed in clean distilled water, and dried, old slides are cleaned 
by thorough washing with soap and water, rubbing with alcohol and 
drying on a clean towel, (6) the drop of blood must not be too large, 
(e) the work must be done quickJy, before coagulation begins 

The blood is obtained from the finger tip or the lobe of the ear, 
as for a blood count, only a very small drop is required, usually about 
twnce the size of a pinhead The suie of the drop largely determines 
the thickness of the film The proper thickness will depend upon the 
purpose for which the film 15 made Tor (he structure of blood cells 
and the malarnl parasite it should be so thm that, throughout the 
greater part of the film, the red corpuscles lie in a single layer, close 
together but not overlapping For routine dilTercntial counting of 
leukocytes a film m which the red cells are piled up somewhat is best 
because the leukocytes are more evenly distributed, and because the 
number of leukocytes m a given area is greatly increased and the 
‘ill •n, wirsiAflrfim^iy ’nisswrefi Tirt; ifiiti •mifA 

upon the other hand be so thick that Identification of the various 
leukocytes becomes difF cult In some cises of severe anemia it is very 
diffcult to make good films owing to the large proportion of plasma 
which leads to slow drying with amsequent distortion of the red 
cells and the appearance of artifacts To overcome this the films should 
be made veiy thm and dried quriddy ov'cr a low flame 
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^\’hen slides are used the label can be wntten with a soft lead 
penal directly on the blood film as ts-as suggested by von Ezdorf 
2 Fixing the Film —In general films must be ‘ fixed before 
thej are stained Fwation may be accomplished by chemicals or by 
heat Those slatns iihch are dtssohed in alcohol combine fixation 
vnlh the slatmng process 

Cbenucal Fixation. — Soak the film one to two minutes m pure methyl 
alcohol or absolute eth)l alcohol, or fifteen minutes or longer in equal 
parts of absolute alcohol and ether One minute in 1 per cent solution of 
mercuric chlonde or in 1 per cent formalin in alcohol is preferred by some, 
espeaally for the carbolthiomn stain The film must be well washed m 
water after mercuric chlondc fixation Chemical fixation may precede 
henutoxj lin-cosm and other simple stains 

Heat Fuation. — nus ma> precede any of the methods which do not 
combine fixation with the staining process The best method is to place 
the film in an own raise the temperature to ISO® C and allow to cool 
slow!) Without an oten the proper degree of fixation is difficult to attain 



Rg 12s — pbte tor fiaDg blood fKJopstock »nd Kowaxsky) 

Kowarsky has de«sed a small plate of tno la^-era of copper (Fjg 128), 
upon which the films are placed together mtb a cr}-stal of urea The plate 
15 heated over a flame until the urea melts and is then set aside to cool 
Some prefer to use slides and to place the crj'staJ of urea directly upon the 
slide This is said to give the proper degree of fixation but in Todd s 
expenence the fifme have alwaj's been underheated He obtained better 
results by use of tartanc aad crystab (melting point I6S® 170* C) The 
c^KKT wA cA Aaw Aeerr p&cetf iAe cw»w giawtfr ils? A’de 
a crystal of the aad is heated over a low flame until the ay-stal has com 
pletely melted It should be held suffiaently high above the flame that 
the heating will require five to seven minutes The covers are then removed 
Freshly made films of normal blood should be allowed to remain upon the 
plate for a minute or two after heating has ceased Fresh films require 
more heat than old ones and normal blood more than the blood of per 
niaous anem a and leukemia 

Blood films be satisfactorily fixed for most purposes by covering 
with absolute alcohol, quickly dashing off the excess, and igniting the 
remainder 
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thin film of blood behind it. The method is much easier to leam than is the 
twocu\er-glass method, gives more uniform films, and apparently gives 
more uniform djslribuUon of leukocytes. All of the blood remains on the 
slide, none, or practically none, on the cover, hence the method is especially 
useful for very accurate difTerenlial counts, since every leukocjte in the 
drop of blood can be classified. Slow work, allowing partial coagulation, 
results in rupture of many of the leukocytes, as is also the case nith the 
two-cover-glass method. 

Two-slide Method. — ^Take a small drop of blood upon a clean slide 
about J inch from the end, using care that the slide does not touch the skin. 
Place the end of a second slide against the surface of the first at an angle 
of dO to 40 degrees, and draw it up against the drop of blood which will 
immediately run across the end. filling the angle between the two slides. 
Now push the "spreader slide" back along ihe other in the manner indi- 
cated m Fig. 127. The blood will follow. The thickness of the film can be 



Fig 127 — Spreading (be Sins, two-slide method. 

regulated by changing the angle, by varying the pressure, and by using a 
smaller or larger drop of blood. 

It Is very easy by this method to make large, thin, even films which are 
espedally useful for studying the red corpuscles and the malarial parasite 
Their use for differential leukocyte counting is discussed on page 266 

The films may be allowed to dry in the air, or may be dried by 
gently warming high above a flame (where one can comfortably hold 
the hand). F. W. Lacy suggested an interesting novelty. After the 
film is made and dried, half of it is covered with a card and the other 
half is placed near the mouth and breathed on a number of times. 
The red corpuscles in this part are nearly or quite destroyed, leaving 
the leukocytes, which stand out distinctly when stained. The part of 
the film which has been protected from the breath stains in the 
usual way. 
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ha^e been devised, among the best knovm being Giemsa’s, Wnght’s 
Hastings’, and Leishman s 

Wnght's Stain — Tins is one of the best and is the most vndely 
used in this country The practitioner will find it consenient to pur 
chase the stain rcadj prepared but, since much of the solution offered 
for sale is unsatisfactory, it is best to purchase the pov\der and dis 
solve It in methjl alcohol as needed Most microscopic supply houses 
carry it in stock Wright’s most recent directions for its preparation 
and use are as follovvs 

PreparaUon — To a 0 5 per cent aqueous solution of sodium bicarbonate 
add mellj) lenc blue (J) X or ‘ m«jjana!lv pure”) m the proportion of 
I Gm of the d>'C to each 100 cc of the solution Heat the mnture m a 
steam sterilizer at 100” C for one full hour, counting tlie tune after the 
slenlirer has liecome thoroug!il> heated The mj\lure is to be contained 
m a flask, or flasks of such si/e and shape that it form:* a layer not more 
than 6 era deep After heating, allow the mivture to cool, placing the 
flask m cold water, if desired and then filter it to remove the preapitate 
which has formed in U It should, when col<l have a deep purplish red color 
when viewed in a thm ta>er by transmitted yellowish arufiaal light It 
does not show this color w liilc it is warm 

To each JOO c c of the filiererl mixture add 500 c c of a 0 1 per cent 
aqueous solution of ”>e!fowish water soluble ’ eosm and miY thoroughly 
Collect the abundant precipitate, which iramcdiaidv appears on a filler 
Owing to lack of uniformiiy m the dy-es now obtainable it may be necessary 
to add more or less of ih-* eosin to obtain a satisfactory precipitate When 
the precipitate appears it may be recognized by placing a drop of the fluid 
upon filter paper Dry the precipitate thorougbiv, dissolve it m methjlic 
alcohol (Merck’s “reagent' ) m the proportion of 0 1 Gxo to fiO c c of the 
alcohol In order to facilitite solution the precipitate is to be rubbed up 
with the alcohol in a porcelain <lish or mortar with a spatula or pesUe This 
alcoholic solution of the precipitate is the staining fluid We frequently find 
that freshly made solutions stain the red cells blue owing to sbght alkabnity, 
such solutions usuallv work properly after a few months 

Application — 1 Without previous fixation cover the film with a noted 
quantity of the staining fluid bv means of a medicine dropper There must 
be plenty of stam m order to avoid too great evaporation and consequent 
precipitation When slides are used, the stain may be confined to the desired 
area by two heavy wax pencil marks 

2 After one minute add to the staining fluid on the film the same 
quantity of distilled water by means of a second medicine dropper This 
may be done by counting drops Instead of distilled water it is much better 
to use the buffer solution of pH 64 described below Blow gently on the 
diluted stam to make an even distnbntion The quantity of the fluid on 
the preparauon must not be so large that some of it runs off Allow the 
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3 Staining the Film — The amlmc dyes, which are extensively 
used m blood ^ork, are of two general classes Basic dyes, of whid 
melh> Icne blue is the type, and acid dyes, of which eosin is the type 
Nuclei and certain other structures in the blood are stained by the 
basic dyes and are hence called basophtltc Certain structures take up 
only aad d> es and are called actdopfnltc, or oxypfnhc, or tostnophtlic 
Certain other structures are stained by combinations of the two and 
are called neuirop] jhe Recognition of these staining properties marled 
the beginning of modem hcmatolojy 

(1) HematoryUn and Eosin — ^This method is most useful m 
studying eosinopluhc cells and the structure of nuclei, hematoxylin 
being ID fact, one of our best nuclear stains It may therefore be 
recommended for the Arnelh count (p 273) Red corpuscles are 
pink or red, all nuclei blue eosinophilic granules bright red, neutro- 
philic granules and platelets are not stained Neither poiychro- 
malophiha nor basopluLc granular dcgencmtion of the red cells is 
demonstrated 

1 Fix by heat or chemicals 

2 Stain wiUi any standard hematoxylin solution until nuclei are weQ 
colored, usually three to Cve minutes 

3 \\ ash well with water 

4 Apply a weak aqueous or alcoholic solution of eosin (about 03 pet 
cent) for a minute or two 

5 Wash well m water, dry andetamme It the eosin stains too deeply 
longer washing m water will usually remove some of the excess The 
hematoxylin will not wash out, but is rather mtcnsifted by washing m water 

The procedure may be stmphlicd bv mixing the hematoxylin and eosin. 
Such a mixture was much used before modem staining methods were 
introduced Almost any of the standard hematoxylin solutions may b* 
employed to this is added enough of a saturated aqueous solution of eosa 
to color the reds properly while the hematoxylin is staining the nuclei 
Tlie Combined slam keeps well The fixed smear is immersed m the slanuB? 
fluid for the required lime, usually Cve to fifteen mmutes and is tba 
rinsed dried, and mounted 


(2) Polychrome Methlylene blue-eosm Stains — These stains- 
outgrowths of the original lime consuming Romanowsky cielhod, 
haxe largely displaced other blood stains for clinical purposes TbS) 
may be recommended for all routine xxork They stam differcntiallj 
ex ery normal and abnormal structure in the blood Most of them w* 
dissolved in methyl alcohol and combine the fixing with the staiiii'’f 
process Numerous methods of preparing and applying these stains 
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,ed corpuscles Siam deep slate blue uud there is hide 
o! colors The reaction of the solution is detenumed partlj by tot 
of the ponder, uhen, as in the case with Wnght s >lain, Us rc^sn 
I not ™ccurately adjusted, but it depends to a stil gieateT *pee 
upon the methyl alcohol which is prone to develop tonrnc aod as a 
r^ult of osidation upon standing A given powder may alio^ ^drct 
results when dissolved in methyl alcohol from a freshly opened tetUc, 
and give poor results when dissolved in the same lot of alcohol after 
,t has stood for some months exposed to the air DctcroraUon of o’l 
solutions is largely due to the same cause It is p^Ale to correct 
imperfectly acting flmds with traces of potassium hydrate or aceuc 
aad, as suggested by Peebles and Harlow but this >s not very ratis 
factory 1\e find it better to keep on hand all fluids which have 
become too acid tor use and to mix them as required mth the fresh 
solutions which are generally too alkaline when made with alcohol 
from a newly opened bottle However such solutions wall correct 
themselves m time Pathologic bloods wall sometimes not stain well 
with solutions which are correct for normal blood 


Other Useful Blood Stems— While Wnght’s slam sulfices lot most 
clmical work and ts to be recommended if only one blood Siam is to be used 
certain others demand bnef mention 

1 Giemsa’s Stein.— This widely used stain is probably tlie beat modiB 
cation of the Romanowsky stem lor blood parasites and other protozoa aad 
IS also very satisfactory as a routme blood sum It consists of 


Arur II-«os)n 
Azur n 

Glycenn (Merck CP) . . ,v 

Jlclhyl alcohol (Kahlbaura I or Merck • mseDt) 


3 0 Cm 
D 8 

250 Ocx. 
2oO 0 ‘ 


The solution is troublesome to nvike and is best purchased ready pre 
pared Blood films are fixed ui methyl alcohol and are then immersed for 
twenty mmutes or longer in a freshly prepared mixture of I cc of stam 
and 10 cc distilled water In order to prevent precipitates falling upon 
them the sbdes or covers should be placed upon edge m the stam Satis- 
factory results may also usually be obtained by placing about 30 drops of 
distilled water upon the fixed adding 3 drops of Giemsa’s stam mixing 
and allowing it to act for fifteen or twenty minutes 

The use of this stain for Treponema pallidum ts described later (p 642) 
2 Pappenheim’s Panoptic Method — In order to combine the advan 
tages of the several stains Pappenhcim recommended the following procc 
dure Stam for one minute with the May Griinwald slam add an equal 
quantity of water after one minute pour off the fluid and stam fifteen 
mmutes vnth the diluted Giemsa solution The May GrUnwald stam is the 
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mixture to remain for four minutes A longer period of sUiimng may produce 
a preapitate Eosinophilic granules are best bright out by a short period 
of staining 

3 Wash the preparation in tiatcr for thirty seconds or until the thinner 
portions of the film become vellow or pink jn color The preparation should 
be flooded with water while the slam is atiU upon it If the stain is poured 
off before rinsing, the scum tends to settle upon the blood film, vdiere it 
dings in spile of subsequent washing 

4 Dry, best by waving high above a flame, and mount in balsam WTien 
the films are on sides examme directly with the oil immersion objective 

Mcjunkin' has sliown that much of the trouble m staming with 
polychrome stains is done away with if a buffer solution is used 
instead of distilled water in the second step of the procedure A solu 
tion wnth a j6H of 64 is made by dissolving 6 63 Gm of monobasic 
potassium phosphate, and 3 20 Cm of diliasic sodium phosphate m 
1 liter of distilled water The phosphates should be recrystallized and 
the sodium phosphate should be exposed to the air for two weeks to 
lose Its water of cr>staIlization 

\\ hen properly applied Wright’s stain gives the foUowing picture 
(Plate I and Plate V) LrythroQ'tes, yellow or pmk, nuclei various 
shades of purple, neutrophilic granules, reddish lilac, sometimes pink, 
eosinophilic granules, bright red basophilic granules of leukocytes and 
degenerated red corpuscles, very dark bluish purple, blood platelets 
dark Iliac, bnetena, blue The cytoplasm of lymphocytes is generally 
robin’s egg blue, that of the monoqrtes has a faint bluish tinge 
Malanal parasites stain characteristically The c> toplasm sky blue, 
the chromatin, purplish red These colors are not invariable Two films 
stained from the same bottle sometimes differ greatly In general a 
preparation is sahsjadory loJ/ea bath nuclei and neulropktlic iranuld 
are distnict, regardless of (heir color, and ulien the film is free from pri 
ctptlaled dye In addition,^it is desirable, but not essential that the 
red corpuscles show a clear pmk or yellowish pink, they should not be 
blue ITie colors are prone to fade if the preparation is mounted to a 
poor quality of balsam or exposed much to the light 

Failure to get satisfactory results with the polychrome methylene 
blue cosm stains, when they are properly used, may he due to impcr 
feet polychroming of the powder, but is most frequently a question 
of incorrect reaction of the stainmg fluid \Vhen the solution is too 
aad the red corpuscles Siam bright red and the nuclei of the leuko 
(ytes are pale sky blue or even colorless When it is too alkaline the 

• Mcjunkin F A A I}en^dme>polydiiome SUin tor Clood, Jour Am. Med Aso- 
74 17-19 Um 3), 1920 



STUDY OF STAINED BLOOD 


257 


Studying the morphology of the blood and blood parasites, and, to 
the experienced, they give a fair idea of the amount of hemoglobin 
and the number of red and n hite corpuscles An oil immersion objective 
is required. 

1. Erythrocytes. — Normally, the red corpuscles are aadophilic. 
The colors which they take with dilTerent stains have been described 
Uhen not crowded togctlier, they appear as circular, homogeneous 
disks, of nearly uniform size, averaging 7 8 ^ in diameter (Fig 129) 
In any normal blood, however, there may be individual cells as small 
as 5 5 and as large as 9 5 p The center of each is somewhat paler 
than the periphery. Red cells are apt to be crenated when the film 



Fig 129 — Red corpuscles of normal blood Wngbl's slain (photograpb, X 7S0). 

has dried too slowly. Four or fi\e cases are on record in which the 
majority of the red corpuscles were markedly elongated or elliptical in 
AwA'anAiWiV, sit 

Pathologically, red corpuscles vary in hemoglobin content, size and 
shape, staining properties, and structure 

(1) Hemoglobin Content. — The depth of staining furnishes a 
rough guide to the amount of hemoglobin in the corpuscles, that is, 
to the color index. When hemoglobin is diminished the central pale 
area becomes larger and paler. This condition is known as hypo- 
chromia In pemiaous anemia, upon the other hand, as a result of 
the high color index, many of the red corpuscles may stain deeply 
and la^-the pale center entirely. 
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same as Jenner s \\ rii,bt s stain diluted with an equal quanUty of w ater 
may be substituted for the Giemsa solution but the time of staining should 
then not exceed five minutes 

Rosenthal* has used a slightly different technic with excellent resuItsiD 
studying the leul ocytes in pneunjorna (see p 277) Make a control smear 
of normal blood on a clear space on the same slide, at an angle so as to 
distinguish it from the patient s blood Use a buffer solution which is nearly 
neutral (pH 6 8 to 7) and which lias been prepared from distilled water 
the of this solution should be determined by adding carefully 0 5 to 3 
c c of fifteenth molar solution of dibasic sodium phosphate (NaiHPO«) to 
1000 c c of distilled water until tbe solution is of the desired hydrogen ion 
concentration Cover the sbde for one minute with Jenner s stain and 
then dilute the stain i ith buffer solubon Stam for three minutes Wash 
the slide i^th the buffer solubon Add 1 drop of Gietnsa s stain to } cc cl 
buffer solution and stain the smear with this for ten minutes Wash and 
allow the slide to dry in the air 

3 Jenner s Stain — Jenner s eosmatc of methylene blue dissolved m 
methyl alcohol bnngs out leukocytic granules well and is therefore espe- 
cially useful for differential counting It stains ni dei poorly and is much 
inferior to Wnght s stain for the mabrial parasite since it does net giie 
the so called Romanowsk\ staining 

It may be purchased in solution tn the form of tablets or as a powder 
05 Gm of which is to be dissolved ui 100 cc neutral absolute methyl 
alcohol The unfixed blood film is covered with the staining solution and 
after three to five minutes is rinsed with water dried m the air and mounted 

4 Carbolthioofn (p 830) is especially useful for the study of hasophihc 
granular degeneration of the red cells Nuclei malarial parasites and base- 
ph he granules are brought out si arply Polyd romatophilia is also evideat. 
Fwation may be by alcohol formalin (p 2ol) or saturated solution of 
mercuric chloride 

5 Pappenbeim s pyroome-methy! green (p 832) can be used as a 
blood stain and is very satisfactory for study of the red cells and of the 
lymphocytes and for demonstration of Dohle s mclusion bodies (p 276) 
All nuclei are blue to reddish purple basophilic granules cytoplasm of 
lymphocytes and mclusion bodies red Polydiromatophilia is well demon 
strated, the affected cells taking more or less of tbe red color Heal fixaUoi' 
is probably best 

B Srnnr or SrAiKsD Ftius 

It has been said with much truth that an intelligent study of 
the stained film together with an estimation of hemoglobin tru' 
yield 90 per cent of all the diagnostic information obtainable from 
a blood examination Tlie stained films furnish tbe best means of 

• R<Kenthal Wathan and Sulro C J The Blood Picture in Pneumonia with 
Reference to Patholog e Changes ui the NeaUOpbds Am Jour Cha Paih^ 3 181 W' 
(May) 1933 
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b. fovmd m marked symptomalm anemias They occur most abun 
Tmpfat bW tg^neraL There are probably several forms 

Basophlu. supplm) -T^s >s m sie from 

the corpuscle, of irregular basophilic gramdes basophilic 

scarcely visible pomts to granules near y commonly 

pMic ceUs SneraUy contam the smaller 

which may be so fine that the ceU appears dusted 

’"'n^kous cells showing tbs degeneration are 

ITtyre-^trar^Li?^ 

™p:fie“ptTfiLs}.^^^^^ 

generation mdicates a senous b oo with larEc ^ 

It occurs m well marked cases of permaous ^ ^ htsstamCpho- 
Lmrand “eukerma, and, much less,commonly, ^ ^ 

in very severe symptomaUc jppbed to the finely 

(c) Malarial Sitpphag -Tbs 1'™ ^ harbor tertian 

granular appearance olten jj formerly classed 

malarial parasites (Plates Xffl and i,„„ct 

with the degeneraUon s 5 tam it can be brought out 

Not all stams will show it Wi ^ ordmary blood stain 

by stammg longer and wa^g^^ granules" stain purplish red 
The minute granules, £„st to bde the parasite 

They are sometunes so numero pnportant is the presence 

(4) Variations ■“ S~-^'„Xted red corpuscles or eo 
ol a nucleus (Plate V, J,^j,rsizc J/rcroSteli, 5 a ut less m 

Ihrohlasts, are classed accordmg „,,i,aloblasts, above 11 ft 

diameter, normollasts, 5 to 1® f** ^ rarely two, small, round. 

Microblasts and normoblasts ranb Afierent from that 

sharply defined nuclei whose structure is deaue y 



Hg 131 --Re<l 

corpusde showing baso- 
philic gianulai degener 
auon with large grM 



Fie 132 — KoRQOblaats from cam of second^ anemti and leukemia. The Dcxt to ibelut 
u oUest, the last is youngest of Uie senes (photographs, X lOOOJ 

periphery and, rrith the chromatin bars between them, suggest a 
wheel with broad spokes Mitoses are not uncommon b leukemia and 
pernicious anemia The older normoblasts are smaller. Their nuclei, 
also, are smaller and more dense, some being entirely homogeneous 
and very deeply stained (pyknotic nuclei). These last are apt to b« 
located eccentrically, and sometimes appear as If In process of extnmon 



Fig 133 — NoimohtastsTnthbraguIsruKlfragmeDtedDudei Wright's 8tiIn(pl»jrognp^ 
X 1000), 

from the cell These cbaracterisrics are shown in Fig 132. It isicopoi 
tant to distin^'sh the younger from the older cells As a result o* 
degenerative changes the nuclei may irregular in shape (Fig 
dowr-leai forms being common; or they may be completely brolrs 
up into fragments— the so-called nuclear particles or HowcU-J'^ 
bodies (Fig 134) — of which all but one or two may have disappe*^ 
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from the cell. These particles arc smooth, round remnants of the 
parachromatin of the nucleus and take the azure stain. 

The megaloblast (Plate I) is probably a”distmct «11, not merely a 
larger size of the normoblast. In the tj'pical megaloblast the nucleus 
is characteristic. This is large, oval, and rather palely staining, and 





Rj IM— XuelMf panlein or IIoireIl'Je!J/ bodios Ja rrd corpuscles rroin a case of 
pernicious anemia. Wnghl’s slain (pbotesnpbs X 1000) 

it has a more delicate chromatinjictworfe with larger and more numer- 
ous 'openings than has the nucIcuTof the normoblast (Plate V and 
Fig 135). Sometimes it appears as if made up of coarse granules 
As the megaloblast grows older the nucleus becomes smaller (Fig 
136)„and more solidly stained and ultimately shoe’s evidences of 







G 




Hr 135 —MegalaUasts showing typical nuclei, from cases of pernicious anemia Wnght’s 
stain (photographs. X 2000) 


degeneration (pyknosis, karyorrhexis) At the same time the entire 
Cell becomes smaller and the cytoplasm shows less tendency to poly- 
chromatophilia 

The recognition of megaloblasts is important, but is not always 
easy unless the nucleus is typical Mitosis (Fig 137) may occur, as 
in the nuclei of normoblasts. Many hematologists now believe ^at 
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the most characteristic feature is the evidence of disproportionate 
maturation in the nucleus in the (^toplasm of the megaloblast, the 
nucleus developing much more slowly than the cytoplasm. 

Young nucleated red «lls» especially mcgnloblasts, are prone to 
exhibit polychromatophilia. In some cells tiie cytoplasm is so blue 
and shous so httlc of its characteristic smooth texture that it is 



Hr 134— ^aaU {aged) m«ga{<iblasts nuhcond«o«ed nuclei (photographs, X 


difficult to recognize the cell as an erythrocyte except by the char* 
acter of the nucleus Such cells are often mistaken for lymphocytes or 
for Turk’s irritation leukocytes, an error which careful observation 0 / 
the nucleus even with the low power would usually prevent. 

Cabot's ring bodies are ring* or figurc-oi-8 shaped structurw 
(Fig 138) which have been observed rarely in certain of the red cells 



Rg 137 —Two megaloblasts Id (be process of mitosis Mitoiicfiguresareoftensw^*^' 
blood especuU^'ialeuieoua, but are rarely so de&ute as these (pbolograpH X IW) 

in pernicious anemia, lead poisoning, and lymphatic leukemia. 
stain red or reddish purple wnth Wright’s stain and have been thou^l 
to be the remains of a nuclear membrane. However, Schleicher* sta^ 
that Cabot ring bodies are ndther nuclear remnants nor are they 

* Schleicher, n M.*The Origin and Nature of (he Cabot Ring BodiesotCO'dir*’^ 
Jour. Ub and CUn Med. 27-983-1000 (M^). 1942. ' 
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Muced by hemolytic apnts^ Red CorpuscIee.->-ormaUy, erythro- 

indication ot the extent to which t e ^ “lowered 

of the severity of the disease A “"“*'““8 ‘ „to the 

bone-marrow threshold' which allow others Some times 

drculaUon more readily at some times than at others -om 
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ng 13S -Cabot’! ring bo^o •“Tg.’l' na'cS m™*. «nri b.!ophi.e 

anenua of infancy The cell at the nght .««o\ 
granules, loeiahman’s stam (pliotographSr ^ 

great numbers of nucleated “'J’“ ^Ts rTAerarbitrarily appUe^ 
This is called a blood crisis, and the name 
whenever there are present more than five nucleated re 
hundred leukocytes. . r i -j regeneration takes 

In general normoblasts appear .j-j^gy are 

place in a normal manner, althoug _ 1 p,,i emia and pernicious ane- 

found in severe f"™ wnous leihcmia WTiile alimys 

inia. They are most abundant ^ ^ten difhcult to find. Micro- 

present in pernicious anemia, t f> normoblasts, but are less 

blasts have much the same si^ ii.ToUv bodies, are most common 
common. Nuclear particles, or Howe greatest numbers after 

in pernicious anemia and have been notea t 

splenectomy. , , ^ -^Airites a change in the type of 

The presence of megaloblasts md in pemidous 

blood regeneration. This is seen 
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anemia and the finding of me^Ioblasts is therefore extremely impor 
tant in the diagnosis of this disease, although less significance is 
attached to them than formerly They are probably present in eveiy 
case, although often intermittently or in so small numbers as to 
require a long *=earch, and m well marked cases they generally exceed 
normoblasts m number — a ratio nhich is very rare m other diseases 
in vihich they have been found, such as myelogenous leukemia, or 
mahgnant growths m the bone marrow 

Isaacs* has studied a group of erjthrocytes, which do not comprise 
more than 1 per cent of the total number of eiythrocytes, which show, as 
their only differential structure, a refractive granule and which have some 
of the properties of immature erythrocytes This granule one to a cell 



does not stain with ordinary stains but appears to be a clear blact dot 
when the cell is in foa s and a bnlliant refractive disk when the cell is 
just out of focus (Fig 139) Isaacs claims that cells which contain these 
granules are more resistant to hemolytic and agglutinating agents and to 
tempera tures of 55" to 60" C He also dauns dial, when an mereased prtduc 
tion of erythiocjtes is stimulated, these cells are the first to reach theper 
ioheral arculajjon after thejtate rd;Qr 0 ductiQn sSjosixar cidlsisiDSufBcieot- 

2 The Leukocytes — ^An estimation of the number or 
centage of each \ anety of leukoQ^te m the blood is called a differential 
Count It probably yields more helpful information than any other 
single procedure m blood examinations 

Isaacs, Raphael Tie Refractive Cnnute Red Blood Corptsde Its Bdaww 
SlgnificaBco, Aoat. Rec. 29 299-^13 (Feb) 1925 
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* Fi^ 9 ^ ^ ^ 

’'“"ns 2 -Cylhrocylo «nd Mood pblolcls fcoo. nonool blood 

Hg 3 _-jlonoc>tc, normal blocxl from acute b-mphatic leukemia, 

ns 4 -Lyrophoo M. oJ, Irom ’’'jP^^/ys.phocyte. < / and I, immature 

o, microlymphocyte, 6 and t, merolymphocytea, d. macroiymp 

Xomioblasta, J, laryorrhems./, Jolly bo<>y 
ns 0 -SlesaloMimta Irom tome darl srannte, t, mature c.U 

Rg 7 — Eoynophil leukocytes, a, myelocyte mw 
from normal blood , , _ „ mvelocvle. fr, mature cell 

Fig S-Ilasophil leukocytes stem ceU (mj-eloblast) , u g, 

Hg 9 -Dmclopmcnt of n™^*‘‘’J^’^”i,blast rNjlh a fe« fme azure granule, 
from myelofecnousKukcmia, /», '’*“**’ J, >-oung myelocjte, e, myelo 

6, leukoblast wih coarse azure granules, e, * 

c>te /,metam>elocyle.s,bandfonn.ir,niaturer^ P ‘ d, Rieder cell i.young 

Fig 10 - \t>-p‘cal cclU from subtle p J ‘Textbook of Patholon 

neutrophil developed from a cell similar to -I (From Pe . 

and Febiger ) 
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Fjg 11 — \bnciniMlcfylhft*>**s ® polilocylw 6 marrocyle t pob’chroinalopl'’''^ 
cells d basophilic stippl nt, t inocbromas a 

Fig 12— Niutrophilsfromcawof pneumooa a i ami e lo\ic fonns rfandcctHs 
intb simpliCrd nuclei i]]uslr4iing sbft to the lelt. 

Tig 13 — Cluracicastic neutrophils (ran pernicious anemia 
Hg 14 — \tj-pcil Uukocytoi J lymph i^es from acute mfcctioiB mononucl^s 
ITg IS — Kit culo cndotbrlialcrlUfnnn Uoodainrar subacute bacteriil endocardiUi 
Fife 16 — \lypic il stem ciUs froin acute myelogenous Icukcnua i ^ 

rig n — Malinal parasites from human litooJ a Tirtian malaria Small Jinj, ship™ 
mcroaojtc CytopLism blut chromatin reij The eijlbrocytc sliows basoph I c »lipP“®" 
b Tertian malana I^argc atnilioiil form with pigment e Icrlnn malaria Stage i”'n'r“ 
atily prtculmg RigminUiiion d \csli\o-autumiiaI malaria Gamete or crescent 
fig 18 — Trypjnobomi from the Uood of a horse (From Kell, ’ Textbook of 
ogy, Lea and Fibigcr ) 
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The differential count is best made upon a film stamed mth 

ijj., 

Si* tj....;. Ti. 

differences m the color reactions of ™ ® ^th an 

To make the diflerenUal ^ Experienced 

oil immersion lens, using a mech g 16-mm as recommended 

.orLersoftenusettemwe^ev^^^^ 

by Sunon) m routme work, b cannot be used satis- 

at least wet with water or Classify each leukocyte seen, 

factonly upon dry, unmoimted j 5 „( the whole number 

and calculate what pcrcentoge tes must be classified 

classified For accuracy, SOT to ITO k^ocy operative to 

lot approxunate results 3M me ffia^ jijerent varieties may 
count ceUs in all , 1, c^t may be kept by placing 

be unevenly distributed Track o jj column, ruled upon 

a mark for each leukocyte m “PFopnete ^th 

paper Some workers divide a ^ ^ „^to 

slides, one for each variety of leukocy , when a con 

the appropriate compartment w en niultiple of 100) the 

venient uLber of “5“ " “l^^Lch clot be classifi^ 

percentage calculation is sunple j noup ” In some patho- 

Lddbl placed together in an -Wentified^^^^^^ 

logic conditions, notably leuke , 

unidentified cells Vj^. nuUimeter of blood 

The actual number of each the total leukocyte 

IS easdy calculated from F ^ ,5 to be complete 

count, and should form part of , increase, an maease in 

An increase m actual number is evident that an absolute 

percentage only, a rdative by a relative deaease 

increase of any vanety may be a P , ^ differential count, 

One should make it a ^ , leukocyte count from the 

always to attempt to ,„th the low power objccUve 

number of leukocytes seen m a considerable degree of 

After some practice this can be done witn a 

accuracy , „_„,cles seen whde making the 

The number of nucleated red rarpuscles sec 

count IS generaUy noted m the record 
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It IS an unfortunate fact that differential leukocyte counts as ordinanlj 
made on films on slides are often extremely unreliable, owing to irregular 
distribution of leukocj’tes, which may be very marked m thm films For 
this reason many workers totally condemn the use of slides for differential 
counting Undoubtedly, good cover glass films, made as described on page 
249, allow a really accurate differential count, but only w hen every leukocyte 
on both covers is classified, which is impracticable m routine work, since it 
requues classification of 8000 to 30,000 leukocytes The distnbution of 
leukocytes on the covers is not, however, more uniform than in properly 
prepared films on shdes In class work it is preferable to use slides, and to 
require that tlie films be moderately thick, but not thick enough to render 
the leukocytes difficult of recognition A definite number of leukocytes (100 
or 200) is then classified w each of three areas extending across the film, 
one at the beginning, one m the middle, and one at the end, and rracAmi h 
the icry «fgej of the film When the count is made in this way the percentage 
of polymorphonuclear neutrophils (which is taken as the entenon because 
of the unlikehhood of errors m classification) usually agrees within 2 points 
with the true percentage as ascertamed by classifymg every leukoc^e on 
two cover glass films made from the same puncture 

Proposals have been made from time to time to carry out the diffcreDtial 
count m the counting chamber along with the total count by use of diluting 
fluids which color the leukocytes differentially None of these has found 
general favur because of the impossibility of securing good diiferentiatios 
of all types The method is most useful when one is interested m the per 
centage of only one type, as, for example, the eosinophil in suspected 
tnchmosis As a speaal diluting fluid for this purpose Stitt uses 1 5 cc cf 
neutralized formalin m 98 5 c c of 0 5 per cent glycerol Just before lae 
this fluid is colored with Giemsa's stain by adding I drop of the stain fw 
each 1 c c of the fluid Formalin may be neulralued by adding a few drop* 
of phenolpbthalein indicator and then adding very dilute sodium hydronde 
until a pink color just appears 

Regarding the nomenclature and classification of some of th' 
leukocytes, particularly those found in pathologic conditions, then 
IS much confusion In the following pages we shall try* to desenTx 
these cells w^th sufficient dearness to faahtate their recognition, 
shall, as far as possible, avoid disputed ground, particularly tl« 
tangled web of the conflicting theones of histogenesis The studa' 
should thoroughly familiarize himself with the five types of leukocyl^ 
found in normal blood and with at least three — myelocytes, mydi)- 
blasts, lymphoblasts — of those which appear in disease 

The following leukocytic percentages represent about the aver*? 
for normal persons m this country 
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Lymphocytes 2- 6 

Monocytes 60-70 

Polymorphonuclear neutrophils 1 _ 4 

Eosinophils 0 2>-0 S 

Basophils 

Recent stud.cs md.cnte thnt 

-- - - 

mdividual i™,„k„crtes are small mononuclear 

(1) Normal Vanetres-W "„t,sp.cce) They are 

cells without Epcadc cjloplasmic ^ j although 

about the sme of a red corpuscle « f tUiclness of the 

then diameter is influenced 1° ^ ^ uiiere the cells are much flat 
film, being greatest in ‘’“"/fX'.h 

tened Tt= ‘IT'®'' \'"P''°?,'eU „f chromatin, stammg blue mth 
nucleus containing hca\y bloclj of 

Wnght’s stain, uhile ‘''= Uc featurr of the lymphocyte 

plasm robin's-egg blue The the chromatin 

nucleus is that there is a Btttdu „,acticall> impossible to tell 

and the parachromatin, so that • P is generally 

where chromatin or P“”'*'™”‘’"arme side Larger lymphocytes 
round, but IS sometimes '"d^ and more abundant cyto 

12 to 15 P in diameter, with „[ children, and 

plasm, are frequently found, “ n .s beliered that the 

are diflicult to distinguish become smaller as they 

larger forms are young lywp <xy ^ Ijonphocytes 

grow older Some workers but if it seems desir 

separately There is no clear hne , and “mature" may 

able to separate them, the r many of the larger lympho 

appropnately be used In the cj op ^ number, usually 5 to 

cytes the Romanowsky ,e (azurophilic) granules They 

10, of rounded, discrete, ^dtoh^^aleukoqtes and are regarded 

are larger than the granules of neu^P^t i 

by some as specific for the l^P mnhoid Pssues including ^t 
Lymphocytes are formed m 25 to 33 per cent ^all 

of the bone marrow They cons bic millimeter of blood They 

leukocytes, or 1200 to f ® “ f^^n averagmg about 60 per 
are more abundant m the bloo 
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cent in the first year of life and decreasing to about 36 per cent in the 
tenth, the immature cells being espedally abundant 

The percentage of lymphotytes is usually moderately increased in 
those Conditions which give leukopenia, especially chlorosis, per- 
niaous anemia, and many debilitated oinditions. There is a decided 
absolute and relative increase at the expense of the polymorpho- 
nuclears at high altitudes, althou^ the extent of this is somewhat 
uncertain A similar increase is noted in residents of the tropics and 
in persons who are much exposed to the sun in temperate zones, as 
in heliotherapy, where the percentage of lymphocytes seems to 
increase m proportion to the tanning of the skin. A marked increase, 
accompanied by an increase in the total leukocyte count, h seen in 



Fig 140— L>-tDphocytosK (photograph, X 500) 


pertussis and lymphatic leukemia (Tig 140) In the former lympho- 
cytes average about 60 per cent In the latter they sometimes exceed 
98 per cent Exophthalmic goiter commonly gives a marked relative 
lymphocytosis, while simple goiter does not affect the lymphocytes 
In pulmonary tuberculosis a high percentage of lymphocytes or, 
espeaally, a progressive increase is a favorable prognostic sign, while 
a progressive decline should be looked upon with apprehension 
DowTung and Allison found a marked increase of lymphocytes m 
tuberculous patients after induction of artifiaal pneumothorax 

There is at present a tendency toward greater conservatism w 
ascribing diagnostic significance to lymphocytosis of moderate degreej 
that is, of less than 40 per cent, unless the normal for the individu" 
has been previously establidied. Lymphocytic percentages as low w 
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15 or as high as 45 are occasionally met \ 7 ith in apparently healthy 
individuals. 

Monocytes (Endothelial Leukocytes, Endotheliocytes) (Front- 
ispiece and Fig. 141). — Under this head we include the two types 
wWch ha\e long been known as large mononuclear and transitional 
leukocytes. They are merely dMerent forms or ages of the same ceil 
The monocyte is the largest cell of normal blood, being generally 
aho^ two to three times the diameter of a zed corpuscle (14-20 n), 
although smaller individuals are sometimes encountered. It contains 
a single nucleus, which is lobulated, deeply indented, or horseshoe- 
shaped, or, less often, round or oval, and which is commonly located 
eccentrically. 

The zone of protoplasm surrounding the nucleus b relatively 
wide. With Wright’s stain the characteristic feature of the nucleus is 



for the chromatin to be in strands There is also a relatively sharp 
distinction between the chromatin and the parachromatin which 
results in a less densely stained nucleus than that seen in the lympho- 
cyte, while the cytoplasm is slate colored of "muddy" in appearance, 
sometimes appears dusted, uniformly or in patches, with fine 
reddish granules which are very much less distinct than the granules 
of neutrophilic leukocytes. The size of the cell, the width of the zone 
of Cytoplasm, and the depth of color of the nudeus are the points to 
be considereci in distinguishing between those monocytes which have 
a round nucleus and lymphocytes, but it must be borne in mind that 
the thickness of the film has a marked influence upon the apparent 
sbe of all leukocytes. They appear larger and paler when flattened 
out in very thin film*;. 

Comparatively little is known regarding the ori^n of the mono- 
^es, and it is possible that more than one cell is induded. There 
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ha\e been many reports by Sabm, Doan,* and their colleagues ol 
their studies in hematology with supraMtal stains They differentiate, 
by reactions to vital neutral red monocytes and the wandering’^hago- 
c> tic cells which are known as “dasraatocytes ” Altogether they 
constitute about 2 to 6 per cent of the total number of leukocytes, 
100 to 600 for each cubic millimeter of blood Only a few pathologic 
conditions raise this figure to any marked degree A dislmct mgease, 
to 15 per «nf^r even higher, is a feature of the blood in typhoid 
feyer and may be of some \alue m differentia! diagnosis ItTs also 
quite constant injoil ana, 'aherc sometimes many of the cells contain 
engulfed pigment (Plate XIV) In chronic tetrachlorcthane poisoning 
Minot and Smith have demonstrated a marked and progressive 
mgease of this type of cell (12-40 per cent) Other conditions in 
which an increase is usual are endocarditis lenta, possibly due to 
prohfcralion of capillary endothehum (WoUenberg), chronic amebic 
d) geofery, Rock\ Rfountaui spotted fever, ^trypanosomiasis and 

(c)~Polymofphonuclear Neutrophilic Leukocytes (Frontispiece) — 
There is usually no dilEcuIty m recognizing these cells Their average 
diameter (about 12 fi) ts deadedly less than that of the monocytes 
The nucleus stains rather dcepl> , and js very irregular, often assuming 
shapes comparable to letters of the alphabet, E, Z, S, and so forth 
(Hg 142) Frequently there appear to be several separate nuclei 
hence the widely used name “polynuclear leukocyte ” Upon areful 
inspection, however, delicate nuclear bands connecting the parts can 
usually be seen The cytoplasm is relatively abundant, and contains 
great numbers of fine neutrophilic granules (Fig ISO, A) Mith 
Wright s stain the chromatin of the nucleus is purple and the cyto- 
plasmic granules are hlac, while in the well stained preparation the 
cytoplasm itself is hght pink or agdophihc 

Polymorphonuclear neutrophilic leukoiytes are formed in the bone 
marrow from neutrophilic myelocytes Ordinardy they consPtute 60 
to 70 per cent of all the leukocytes 3000 to 7000 for each cubic 
roilhmeter of blood An occasional normal adult may give a count m 
tow as 40 per cent or as high as 80 per cent In children the average 
runs from about 35 per cent in the first year to 50 per cent m tlie 
tenth Any marked ingeasc m iheir number practically always pro- 
duces an mgease m the total leukocyte count, and has already been 
discussed under Neutrophilic Leukocytosis (p 237) The leukocytes 
of pus ^tis corpuscles, belong almost wholly to this wnety 

‘ For A good bibliography of the work «f Sabia Doan and others, see Doan, C. k 
The CLnscalImphcattom of ExpenmenUl Hematology htedidne, JO 32W71 (Sept-) W” 
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In infectious and inflammatoiy conditions, notably in pneumonia 
and appendicitis, a comparison of the percentage of neutrophilic cells 
-with the total leukocyte count yields more information than a con 
sideration of either alone In a general way, as was first pointed out 
by Sondem,* the percentage represents the severity of the infection 
or, more correctly, the degree of loxtc absorption; while the total count 
indicates the patient’s Pov.et of resistance With moderate infection 
and good resisting powers the leukocyte (xnrnt and the percentage of 
neutrophils are increased proportionately ’rt'hen the neutrophilic 
percentage is increased to a notably greater extent than is the total 



Fig 142 — ^Marked polymorphonuclear neutrophilic leukocytosis (photograph, X 1000) 
(courtesy of Dr W P Harlow) 


number of leukocytes, no matter bow low the count, either very poor 
resistance or a very severe infection may be inferred 

Gibson has suggested the use of a chart to express this relationship 
graphically (Fig 143) Its arrangement is purely arbitrary, but it will be 
found very helpful in interpreting counts An ascending line from left to 
right indicates an unfavorable prognwisin proportion as the lone approaches 
the vertical AU fatal cases show a rising Ime A descending or horizontal 
hae suggests a very favorable prognosis Because the chart is somewhat 

* Sondem, F E The Present Status ot Blood Examination In Surgical Diagnosis, 
Med Fee , <17 *452-455 (hlarcb 25), 1905 The Value of the DiCerential Leukocyte Count 
to Diasnosia, Am Jour Med Sa , 889-891 (Dec3, 1905. 




cumbersome m hospital records when repeated entries must be made 
\\ ilson’ has devised a formula which expresses the same idea by a numerical 
index Ills formula is as foUons IR « (T — 10) — (P — 70) IR being 
the index of resistance T the total leukocyte count expressed in thou 
sands and P the polymorphonuclear neutrophilic percentage If for 
example the total count is 12 000 and the neutrophilic percentage is 90 
then the formula would gi\ e an mdex of resistance of ~ 18 IR = (12 — 10) 



ToUl leukocyte count TercenUge of neutrophils 


Fg 143 — C bson chart with blood count fa 2 cues of appeadjaUs Dotted luw 
represents a oald case mib prompt recovwy tbe continuous line a very wruJeot strep o- 
cocc c case w th poor resistance pentonius and early death. 

- (90 — 70) = — 18 Under normal conditions the index will be zero or 
near it Wth low res stance the mdex is a m nus quantity with dlspropo^ 
tionately h gh resistance it is a plus quantity 

• ilson L. B Value of Sondem a D Sciential Leukocyte Resistance Line In di* 
D agnos $ and Prognosis of Acute Append atis Collected Papers of The Jfayo ChoJC 
1005-1900 p 280 Also Walker O J lodea erf Body Resistance in Acute Inflamnsst^ 
Processes u lod cated by ExaminaUon <rf the Blood lour Am. Med Assn 72 
1457 (May IT) 1919 
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It js a matter of observation that m the absence of acute infec 
lious disease or of inflammation directly m the blood stream (for 
example, phlebitis, sigmoid sinusitis, ^ptic endocarditis), a neutro 
phihc percentage of 85 or more points very strongly to gangrene or 
pus formation somewhere m the body On the other hand, excepting 
m children, where the percentage is normally low, pus is imcommon 
with less than 80 per cent of neutrophils 

Exceptions to these rules occur chiefly in moribund cases, m chd 
then, and m typhoid and tuberculous infections 

ISormally, cytoplasm of leukocytes stains pale yellow when 
films are subjected to fumes of iodine and mounted in syrup of levulose 
In suppurative and septic conditions the cytoplasm of many of the 
neutrophils stains diffusely brown, or contains granules which stain 
reddish brown with iodine This is called lodophilia Extracellular 
iodine staining granules, which are present normally, are more numer- 
ous in lodophiUa lodophiha was at one time considered a useful sign 
of suppuration, but is now little valued 

'^Ameth’s Classificauen of Neutrophils — Ameth groups the neutrophilic 
leukocytes into £vc classes according to the number of lobes which their 
nuclei possess The forms u hich fall into each class and the average normal 
percentages as given by Ameth are indicated tn the following list 
Class 1 One round or indented nucleus, S per cent. 

Class 2 Two nuclear divisions, 35 per cent. 

Class 3 Three nuclear di\'isioa8, 41 per cent 
Class 4 Four nuclear divisions, 17 per cent 
Class 5 Five or more nuclear divisions 2 per cent 
This IS really a classification of ncutropbils accordmg to their age, the 
youngest cells being included m Class 1 Among these youngest cells are 
the myelocytes and metamyelocytes which do not appear m normal blood 
The percentages are fairly constant m the same individual m health, 
but may show considerable variations pi disease, even when the leukocyte 
count remains unchanged An increase of the lower classes at the expense 
of the higher is known as a "shift of the neutrophilic blood picture to the 
left " The opposite condition is a "shift to the nght " In order to simplify 
comparison many workers m this countiy use an index number obtained 
by addmg the first, second, and one half of the third classes The a\crage 
normal "Ameth index’ is, accordingly, about 00 Briggs found variations 
between 51 and 65 In normal mdividuals 

The chmcal value of an Ameth count 13 not definitely determined It 
appears to have greater usefulness m prognosis than m du^osis. Most 
pathologic conditions which produce any change cause a shift to the left, 
that IS a high index Among these are acute infectious diseases, pyogemc 
infections (appendiatis, and so forth), and tuberculosis In tuberculosis 
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the Ameth count js regarded as having definite prognostic value, the higher 
the mdei, the more senous being the outlook 

A low index occurs in pernicious anemia In a senes of twenty three 
examinations m 12 cases of pernicious anemia Bnggs found an average 
mdex of 40 29, lowest 165 highest, 51 25 Eight consecutn ceases of severe 
secondary anemia (malignant disease, syphilis, nephritis repeated hemor 
rhages, and so forth) ga\e an average mdex of 6^ 23 , only 1 case (a case of 
sjphilis with index of 59) fallmg below normal hmits 

For the Ameth count thin well stained blood films are essential Wnghts 
stain may be used, but hematoxylm-eosm is better since it bnngs out the 
nuclear structure more clearly Nuclear parts which are joined by more 
than a thread should be counted as one 

Schilling Count — ^Tlie original Ameth count has been modified, and 
cnticized by many workers One of these. Schilling, ’ has dewloped a much 
simpler classification which has become popular in America during the last 
few >ears The technic desenbed by this author can be applied m the 
course of an ordinary difiercntial count by observation of the following 
forms of leukocytes basophils, eosinophils, myelocytes "juvenile" cells 
(metamjelocytes, having many of the characteristics of myelocytes, but 
With indented or bean shaped nuclei), single lobed neutrophils (cal]ea\!}y 
the author stab ' cells), neutrophils with more than one lobe m the nucleus, 
Ij-mphocytes monocytes A diffetenual count with this classification con 
stilutes a Schilling "hemogram " 
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The significant dividing line m the Schilling count lies m the neutrophil 
group between the "stab ’ cells and the segmented nudeus cells In 
normal blood smear there are no myelocytes nor "juvenile’’ forms, and 
only 3 to 5 per cent of neutrophils with smgle lobed nudei, and with 50 

‘Schlbng Viktor Das Iiamogtiunin u der foCklimk I Biologisdie Kurvea der 
Leukocytenbeweguag als Gnindlage der piaktiacbm Bewertung einiaabger Bluturt*^ 
suchuBgen Zlthr f kbn ifed., f>9 2%2 241, 1924 Also Schilbng t^clor (traas. W 

Cradwohl R.B II) The Blood Picture *ad lb Cbn cal Significance, riband Sth 

ed (jon St Louis, C. V ilosby Co , 1929 408 pp 
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to 65 per cent of other neutrophils A "shift to the left ’ is seen when the 
number increases m the percentage to the left of the dividing line A 
regenerative shift to the left with a high total white count occurs m acute 
sepsis, appendicitis, and so forth In this condition in) elocyles and juvenile 
forms appear and there is an increase in stab cells The prognosis m such 
conditions tDa> be made by subsequent counts, a continued or increased 
shift to the left is unfavorable, while a shift toward the right is an encour 
aging sign There is also a degenerative shift to the left w^^h a diminished 
total while count. This condition way be found in tuberculosis and espe 
cnU> in t>T)hoid fever There is a marhed increase m the percentage of 
smgielobed nuclears, with no appearance of myelocytes, nor of juvenile 
fonn^'^ 

■vfflament and Konfilarnent Count — A simple, practical method of 
studying the significance of the appearance of the nuclear structure of 
neutrophils has been proposed by Parley, St Clair, and Reisinger ‘ They 
used the entenon of Cooke and Ponder w their classification of types of 
neutrophils (Fig 144) “If there is any band of nuclear matcnal except 
this chromatin filament connecting the different parts of a nucleus that 



I II in IV V 

Fig 144 — Coolte and Fooder ciassiBcaUon of nrutroph Is 


nucleus cannot, for the purposes of the count be said to be divided ” The 
rnelAod consists of making smears on cover shps preferably as they must 
be thin Stain wnth Wnght’s stam Count 100 leukocytes mdudmg lympho- 
cytes monocytes, eosinophils, basophils, and neutrophils In counting the 
neutrophils simply distmguish between Class I of Cooke and Ponder, the 
nonfilamenl type and cla'ises 11 Ed, IV, and V, the filatnent neutrophils 
Distmct myelocytes or myeloblasts are counted as such The upper Imtt 
of normal for \oung forms (nonfilament) ts 16 per cent The average for 
nnjrosJ sdiiits is 3 per cent An incresse in the percentage cf nmShsoejyt 
pclymorphonuclear neutrophils of more than 16 per cent may indicate 
infection even though the number of leukocytes is not increased In fact, 
the filament and nonfilaincnt count may be interpreted the same, as regards 
the ' shift to the left,” as the Schilling, or Arneih counts It is true that 
the percentages given do not agree entirely with the corresponding per 
centages which were reported by Scbilbng The method is much simpler 
than the method of Schilling and has grown m favor m the United States 
*FarJey, D L St Clair H and Reismgw J A. The Normal niament and Non 
filament Polymorphonuclear Neutrophil Count IVacticai Value as a Diagnostic Aid 
Am Jour Wed Sa ISO 336^344 (S^t) 15»a 
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Dohle’s Inclusion Bodies— In 1911 DShle called attention to the 
occurrence of certain peculiar bodies witbm the cytoplasm of the neutro- 
phils meases of scarlet fever (Fig 146) Their nature has not been definitely 
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well establlsljed that tynlcal inclusion bodies have considerable diagnostic 
v'alue. They are apparently found in many or even the majority of the 
neutrophilic IeuLoc>tes in every case of scarlet fever early in the disease 
Upon the other hand, a few may be found in many cases of diphtheria, 
pneumonia, and some other mfecrious diseases, but never in Gerinan 
measles and rarely in measles. 



Rg 146 — Dahle'a loclusion bodjcs in leulcocytcs. From a case of scarlet fever Pyronme 
methyl green stain (X 1500} (from a slide prepared by L VV. Hill) 

The inclusion bodies can be seen in preparations stained with Wright’s 
stain, but long staining with p>Toninc-methyl-green is preferable. With the 
latter stain nuclei are purplish and the bodies bright red. 

Rosenthal,* using the technic which has been desenbed on page 256, 
studied the pathologic changes that occur in polymorphonuclear leukocytes 



Fig 147 — Appearance of polymorphoDucIear neutrophils with Jenner Giemsa it^ 
m a normal control smear Note the absence of ‘'tone" granules (Kugd and RosenthaU 
in Am Jour Med So , May, 1932, Lea and Febiger, Publishers.) 

during the progress of infections In paeumooia the degenerative signs are 
irregular, “moth-eaten”cellouthnes Tire neutrophilic granules are replaced 
by large, dark. Irregular, basopbibc granules which may fill the entire cell 
' Kugel, M A , aod Rosenthal, Nathaa* Fatholo^c Cfian^ Occurring in Poly 
morphonucleatLeukocytesdunngtieProgressrflnfectioris, Am. Jour Med.ScL,rW 657- 
667 (May), 1932 
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Irregular bluish clumps of Dbhlc bodies, or a diffuse bluish cytoplasm may 
be found in the myobbsls Vacuoles may also be present (see Figs. 147 
and I4S). 

v({/) Eosinophilic Leukocytes, or “Eosinophils” (Fronlispiccc) — 
The structure of these cells is dmilar to that of the polymorphonu- 
clear neutrophils, \%nth the striking difference that, Instead of fine 
neutrophilic granules, their cytoplasm contains coarse round or ox-al 
granules having a strong affinity for arid stains. They arc easily 
recognized by the st/e and color of the granules which stain bright 
red with stains containing cosin (Hg 150, I?). Their cytoplasm has 



Hg us —Acute loUsr pneunioria (Jenner G>f mu •'Toric” gmncltt *2 

legmented and notuegmenlcd polymotphonudeaT neutroph U. Note anroeytosi* of ll* 
leukocytes and alu Urge pot}rTT»rr>h*"uttcar neuUophils. (Fuget twj Roi«ltit m Am 
^ Jour Med. Sd , Slay, 1932, Lea aod Fettger, Publislien.) 

generally a faint skj'-blue tinge, and the nucleus stains somewhat less 
deeply than that of the ]X)lyinorphonudear neutrophil. 

Eosinophils arc form«l in the bone marrow from codnopfulie 
myelocytes. Their normal number s-aries from 50 to 400 for each 
cubic milliraetcr 0 / blood, or 1 to 4 per cent of the leukocytes M 
mcrease is called eosUtophiUa, and is belter determined by the actual 
number than by the percentage. 

Marked cosinophilia — aboAC 6 or 7 per cent— is probably always 
pathologic It occurs in a \ariety of conditions, the most imporUot 
of which arc: I nfection by animal p arasites; bj p nph W asthma ; mjtl' 
■OJKiiQua.leu kcmia : scarl ct.,fev« ; man^^tin diseases; anaphylactic 
conditions; and certain cases of chronic gonorrhea. 
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(&) EosmopIujUa may be a symptom of infechon by any of the 
u;oms and from a diagnostic viewpoint this is its most important 
indications^ is fairly constant m ^himasis. unanariasis filanasis. 
and echmococois di sease, and reacEeTits highe^ figure tEThist 
named condition where the eosinophils usually range between 10 and 
30 per cent of all the leukocytes, but may go much higher An unex 
plamed marked eosmophiha, especially if associated with muscular 
pams, warrants examination of a portion of muscle for TricJnnella 
sPiralts (p 375) 

^ True bronchtal asthma commonly gi\ es a marked eosmophiha 
during and foUowmg the paroxysms This is helpful in excluding 
asthma of other ongm Eosinophils also appear in the sputum in 
large numbers 

In myelogenous leukemta there is almost invariably an absolute 
increase of eosinophils, although, owing to the great increase of other 
leukocytes, the percentage is usually diminished Dwarf and giant 
fonn^re often numerous 

W Scarlet Jeier is frequently accompanied bj eosmophiha, which 
may help to distinguish it from measles 

(«) Eosmophiha has been observed m a large number of skm 
diseases, notably pemphigus, prungo, psonasis and urticaria It 
probably depends less upon the vanety of the disease than upon its 
extent 


(/) Eosinophilic cells are usually increased to a vanable degree m 
tuberculin reactions and subacute and chronic anaphylactic conditions 
m general, notably m hav fever Watkins and Berglund* ha\e pointed 
out an increase m numbers of eosmopbilic cells in pernicious anemia 
after a diet of hver 

Basophilic Leukocytes or “Mast Cells” (Frontispiece) — In 
general, these resemble polymorphonuclear neutrophils except that 
the nucleus is less irregular (usually merely indented or slightly 
lobulated) and that granules are larger and ha\e a strong affinity 
for basic stains They are easily recognized (Figs 149 and ISO C) 
Sometimes one sees cells from which most of the granules ha\*e dis 
appeared owing to their ready solubility in water, leaMng dean cut 
openings m the cytoplasm which then takes a roau\e color With 
Wnght’s stain the granules are deep purple, while the nudeus is 
somewhat paler and is often nearly or quite hidden by the granules, 
so that Its form is difficult to make out 


*W»tWns C. Hh and Berx^und Hildng Analysis of Morptiolopcal Blood ChangM 
w Pomtaous An«n a Following Admuustnboa of Uver Proc. Soc Exper B of and 
Sfed, 2; 205-209 (Dec.) 1927 
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There is some imcertainty as to the origin of the basophilic leuko- 
cytes Most authorities believe that they originate in the bone marrow 
from basophilic myelocytes Tbey^ate least numerous of the leukocytes 
in normal blood, rarely exceedmg 0 S per cent or 2 5, to_ 5Q ior_each 



Pig 149 — BasopKUic leukoc^'ies. At the r ght b ftl&o & normoblast undergoing (n tos ) 
(photograph X tOOO) * 

cubic millimeter A notable inaease is bunted almost exclusively to 
myelogenous leukemia ^ where thw are sometimes \ery numerous 
(2) Abnormal Vaneties — O 17 Myelocytes (Frontispiece and Fig 
151) are large mononuclear cells whose cytoplasm is filled with gran 



ABC 


150— Ruptured leukocytes showing relative use of granules A Neutrophilic B 
eesiiiop5li& iT daaopdulc tfidotOgrapda X'ilAW' 

ules Typically, the nucleus occupies about one half of the cel! and 
IS round or oval or is mdented with its convex side in contact with 
the penphery of the cell It stains rather feebly and rarely contains 
nucleoli The a\erage diameter of this cell (about IS 75 p) is greater 
than that of any other leukocyte but there is much vanation in size 
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among individual cells. Myeloqrtes are named according to the char- 
acter o£ their granules — neutrophilic, eosinophilic, and basophilic 
myelocytes. These granules are identical with the corresponding 
granules in the leukocytes just described. They are, however, often 
less distinct and less sharply differentiated by the various stains 
than those of the corresponding polymorphonuclear cells. In some 
the granules are few in number, the cells departing but little from the 
structure of the parent myeloblast. Such cells may be called "pro- 
myelocytes.” In young neutrophilic myelocytes there is a tendency to. 
relatively large granules which take a purple color with Wright’s 
stain. These finally give place to true neutrophilic granules. Some- 
times only a portion of the cytoplasm near the nucleus is filled with 
granules, the periphery, or at least one edge, retaining the smooth 



fig 151.— iIyeIocyt« from blood of mytlogcnouj Jeuteinia* A, Neutrophibc; S, eosino 
phjlic (pbocosrapbs, X 1000). 


basophilic cytoplasm of the parent myeloblast (Plate I). Although 
the occurrence of two kinds of granules in the same cell is rare, a 
few basophilic granules are sometimes seen in yoimg eosinophilic 
myelocytes. The basophilic myelocylf is usually small; and its nucleus 
is commonly so pale and so obscured by the granules that the cell is 
not easily distinguished from more mature forms. 

The small neutrophilic <xU with a single small, round, deeply 
staining nucleus whidi is sometimes encountered, must not be con- 
fused with the myelocyje. Such atj'pic cells probably result from 
division of polymorphonuclear neutrophils.- 

Myelocytes are the bone marrow cells from which the corre- 
sponding granular leukocytes are de\eIoped. They, in turn, arc 
derived from certain nongranular cells of the bone marrow, the 



myeloblasts Their presence m the blood m considerable numbers is 
diagnostic of mjelogenous leukem^ The neutrophilic form is the 
least significant A few of these may be present m very marked 
leuLocjtosis or any severe blood condition, as pernicious anemia 
In the anemia of malignant di<tease they suggest bone marrow metas- 
tasis Eosinophilic myelocytes arc found practically only m myelog 
enous leukemia where they are often very numerous The basophilic 
variety is less common and is ooniined to long standing, sev’ere 
myelogenous leukemia 

Myeloblasts —These are the patent cells of the myelocytes 
from ^hich thej differ chiefly in the absence of specific granules 
Thej are about the size of myelocjtes Their round or oval nuclei 
are poor in chromatm ha\e a finely reticular or so-called “sievehke 
structure and contain several rather indistinct nucleoh which arc 
generally pale blue with the usual 
stam and are outlmed by a nng of 
denser diromatm (Plate I and Fig 
lo2) The cytoplasm, which is gen 
eraU> not abundant is basophilic 
staining pure blue with Wnghts 
stun In some preparations it is 
charactenstically smooth m texture, 
m others it is finely reticular 

Myeloblasts appear m the blood 
m large numbers m acute myelog 
enous leukemia and the terminal 
stages of chronic mjelogenous leu 
kemia when the bone marrow reverts to the embryonic tj’pe 
Their number is therefore important m prognosis They may be 
indistinguishable morphologically from the Ijunphoblasts of acute 
lymphatic leukemia but can usually be distinguished By the peroxidase 
reaction In almost all advanced cases of myelogenous leukemia all 
stages of transition between the myeloblast and myelocyte may be 
found For the modem opinion regarding the characteristics of the 
myeloblast the reader is referred fo the excellent revnew and onginaJ 
study by Downey * 

Peroxidase Test — ^The technic rf Goodpasture which we have found 
most satisfactory ts as follows 

1 Prepare dried films on slides or covers m the usual way 

•Downey Hal The Myeloblast— Its Occurrence Under Normal and Pilho!oB«^ 
Cond tions and Its Reliilons to Lympho^M and Other Blood Cells, Folia heoat®' 

3f 63 lOi 145 187 Quae and Aug ) 



rg 152— A myeloblast and a 
neutrophil c leutoeyce r«macaseof 
myelogenous leukemia tVngbtssUun 
(photograph X 1000) 
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2 Cow the film with a measured amount of Goodpasture’s stem and 

rAdr^'SS 'amount ot water and let etand three or lour minutB 
t Ze wXn water, do' by blotting or by watang o«r a low ^ 
and eramlne with an od-lmmersion By 

aad Ijanphoblaa^ontain sharply defined deep blue granules 
granules are lacking in Ijmphocjles 
Goodpasture’s stem is as follows: 

lOOOOcc 

AkfiboL 0 05 Cm 

Sodintn nitroprusside. 0 05 “ 

BtnrJinc C P 0 05 “ 

Basic 0 5 cx. 

Hydregen peroxide i i, r 

DksoIvc the nltr^russide In ‘ "ausfartorv slanting 

aad then add the other ingredients In ord ^ amount ot fueh«m, 

al the nuelei we hate found it necessary to double the amo 

owing probably to a dUIercnce ° Beacom has found 

Goodpasture's stain reraams ^ only a tew o > 
that it wm gi« saUsfactory 7^" ts thea 

the peroxide. A freshly made 1 : jIjJj solution is 
used in place of water for diluting the s hjdrogen peroxide to 

made with sufficient accu«c>- by addmg 2 drops oi n> „ 

15 C.C. distilled water. 

^^Byn.phohias.s.-in acute. 

the blood a high percentage of J risen In many cases at 

series. To these the or immature lympho- 

least they are indistinguishable froin *b' ' . in the blood of 

cytes previously described as occ^ion I . Azure granules are 
normal adults and frequently m that o ^ gencraUy shows 

sometimes seen in the “^ife^Sy loUted and the 

nudepU (Plate I). At times the nucleus is m y ^ 

nanS “Rieder's ceU" is then apphed ngure 

se\eral Rieder’s cells ^vM/yoinllv indistinguishable 

Lymphoblasts -e sometirnes mo— Su.“ 
from myeloblasts, but do not gi'C ^ laree, mononuclear, 

(d) Turk's Irritation Leukocyte^ strongly hasophlhc cytopl:^ 
nongranular cells with dense, nP *1 ’ . \\qth Wright'S and similar 
which olten contains vacuoles ' 5 ■ ]„ the nucleus, although 

stains the cytoplasm while the nudeus is deep purplish 

of a diSerent color, being deep blue, wtuie ui 
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red. Tlie nuclear chromatin shows no tendenty to radial arrangement 
Nucleoli are usually present. 

The nature of the irritation leukocytes is not definitely known 
and at present no diagnostic importance can be ascribed to them 
Some believe them to be pathologic myeloblasts. Considerable num- 
be s have been found in the blood in conditions associated with irri- 
tation of the bone marrow, notably primary and secondary anemia, 
leukemia, and malaria, and in the leukocytosis of pneumonia. 

(e) Plasma Cells. — Morphologically very siinilar to Turk’s irri- 
tation leukocyte, the nucleus of the plasma cell may show a tendency 
toward radial or "wheel-like” arrangement of its chromatin (Plate I). 

Plasma cells are considered by some hematologists to be an altered 
form of the lymphocyte, the same cell which appears so frequently at 


>.-w *'3.oL . 

Fig 153 — Blood in ctromc lymphatic leutenua, showing many ruptured lymphocytes 
(photograph, X 750). 


the site of chronic inflammation of certain types. They are extremely 
rare in the circulating blood and have no diagnostic significance. 

(/) Degenerated Forms. — These arc frequently met, but have no 
significance xmless present in large numbers. They ineJude ( 0 ) vac- 
uolated leukocytes and (6) bare nuclei from ruptured cells The 
former are foimd most frequently in toxemias and leukemia A few 
of the latter are present in every blood smear, but are espedaOy 
hakemh (Ftg. 153). 

nuclei without cytoplasm to mere strands of palely stained nuclear 
substance arranged in a coarse network — the so called "basket cells” 
(Fig. 1S4). 

Occasionally in lymphatic leukemia frayed-out nuclei without cy- 
toplasm exceed the usual lymphocytes in number. In such cases some 
writers infer involvement of the bone marrow, holding that the naked 
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nuclei represent very fragile bone tnarroTT cells whidi have gone to 
pieces in the circulation. In many cases, at least, it seems more likely 
that such nuclei only represent fragile lymphocytes which have been 
broken in making the smear. 

(g) Atypic Forms. — LcukoQrtes which do not fit in with the above 
classification are not infrequently met, especially in high-grade leuko- 
cytosis, pernicious anemia, and leukemia. They are always more 
abundant in childhood. The nature of many of them is not clear, and 
their number is usually so small that they may be classed as ''unde- 
termined” in making a difTerenlial count. Cooke' has described three 
t}T)es of large cells, v.hich are found in pernicious anemia, and which 
he called "macropolycytes.” They are about SO per cent larger by 



rig 154 . — Two remnants of degenerated nude! in a blood film. They are often called 
“basket cells’* (pbotograpb, X 1000) 

measurement of their diameters than are normal cells. One type 
resembles a megakaryocyte, and has a gnarled nucleus and azuro- 
philic granules. Another type has open meshwork in the nucleus, and 
oxyphilic granules. The third type, which Cooke called Type I, is a 
large neutrophil, and may be found occasionally in normal individuals, 
and in patients with acute infections, as well as in patients who have 
pernicious anenua. 

3. Blood Platelets. — ^These are not colored by hematoxylin and 
eosin. With Wright’s and similar st^s they appear as spheric or 
ovoid, reddish to \*ioIet, granular bothes, 2 to 4 /t in diameter. Occa- 
sionally a platelet as large as a red corpuscle is seen. When well 
* CooVe, W. E • The Maoopolycyte, Jour. Lab. and CUn. Me<L, 19 453—152 (Feb), 
1934. 
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st^ed a delicate pale blue, hyaline, ground substance can be dis 
tinguishcd In ordinary blo^ smears they are usually clumped id 
masses A single platelet lying upon a red corpuscle may easily be 
mistaken (or a malarial parasite, while unusually large and oval 
platelets are occasionally mistaken for cstivo autumnal crescents 
(Plate I and Fig 1S5). 

Blood platelets are being much studied at present, but, aside from 
the facts mentioned under their enumeration ^ 243), little of clinical 
value has been learned They’ have been variously regarded as \ery 
young red corpuscles (the “hematoblasts” of Hayem), as disintegra 
tion products of leukocytes, as remnants of extruded nuclei of erythro- 
cytes, and as independent nucleated bodies At present the accepted 
explanation of their origin is that of J H. Wright, who regards them 
as detached portions of the Qioplasm of certain giant cells (mega- 



t55-rAr]uslrref b]0O<]plate)(Uand upOQaredceUjsdsaulstxn; 

sulanal parasites (photograph X tOOO) 

karyocytes) of the bone marrow. The megakaryoiyte illustrated in 
Plate I, 38, is magnified about 500 diameters If it were drawn to the 
scale of the other cells it would be four times as large The giant cells 
push cytoplasmic processes into the capillaries, and these break off 
and appear in the circulating blood as platelets 

The megakaryocytes themselves occasionally get into the blood 
stream, particularly in conditions in which the bone marrow is under 
intense strain as in myelogenous Icidvcmia Most of them are too 
large to pass the capillaries and are arrested in the lungs, but the 
smaller cells may pass the lungs and appear in the peripheral circula 
tion They are rarely numerous ’ 

*roTa dtscnption of these cells a* they aj^iear In blood films and an excellent coloi^ 

plate see Minot O R Megakaijocytesla the Penpheral Qrculation, Jour Exper JIed-> 

3i 1-7 Qulyl 1922 
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C Hematopoiesis 

A complete discussion of how blood cells are formed in embryonic 
and adult life belongs in the province of histology and is of little 
practical importance in clinical laboratoiy diagnosis However, there 
has been an increasing interest in hematology, as evidenced by the 
recent appearance of several excellent monographs on the subject 
In adult life the bone marrow, lymphoid structures and connective 
tissues contain the precursors of the mature cell§ found in the cir 
culating blood m normal individuals, and of the immature cells 
found in the blood in pathologic conditions Hematologists are not 
agreed as to whether the sc^ral cells of the circulating blood have a 
common ongm from one tj'pe of cell — the unitanan theory of Downey 
Ferrata, Pappenhcim and many others— or from two or more pnim 
li\e blood cells, as adsocated by the polyphyletists, represented by 
Piney, Naegeh, Schilling, Rosenthal, Osgood Sabm, Cunningham 
and Doan, to mention only a few of the well known hematologists 
supporting the latter view 

Plate I has been carefully arranged as an adaptation of a chart 
prepared originally by Doivney and his associates to illustrate de^el 
opment of cells from the parent or “stem” cells It may be used for 
teaching any theory of formation of blood cells if used in conjunction 
with the diarts in Figs 156 and 157 The cells depicted in Plate I 
were painted by Dr Elamc Limbert from preparations stained with 
Ilnght’s stam The light source was a Zeiss microscope lamp with 
an ammonia cupnc oxide filter This blue white light simulates day 
hght, and cosm stained cells appear to be pink rather than bnght 
red, as they do when yellow, unfillered bght is used in a microscope 
lamp 

Figure 156 shows the cells m outline form, and with numbers re 
lemng to those on Plate I, but with no names gi%en to these cells 
Py filhng in the chart the reader can adapt Plate I to any of the 
polyphyletic theories of the formation of blood cells Many poly 
phyletists daim that an erythrocyte arises from an endothelial cell 
(lA), probably only a different shape of a cell of the reticulum, or 
from the undifferentiated raesenebyroe (Naegeh) Some hematologists 
name the stem cells “megaloblasts” (2), “lymphoblasts” (3), ‘ mono- 
blasts" (4), and “myeloblasts ’ (5) The duahsts claim that there are 
two stem cells, “lymphoblasts” (3), precursors of lymphocytes and 
"myeloblasts” (2, 4, 5), from which all other cells are derived The 
tnalists differ from the dualists diieSy in deriving the monocytes 
directly from the reticulo-endothehal cells (1) 




Rg, 1S7 — ^Sematopoiesis according to monopliyktic theory {Downey ) 

from these stem ceUs The arroTO mdicate the development of cells 
from the precursors, all cells ongmatmg in the reticulo-endothelial 
cells (1) The mature cells found m normal blood are represented on 
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the outer edge of the figure (16, 17, 18, 20, 22, 23, 24, 32, 39 and 
occasionally 26) All of the o^er cells are immature forms that are 
found m the arculating blood only in pathologic conditions or in 
reticulo endothelial tissues An erythrocyte (32), developing from a 
parent cell (1) through a stem cell (2), may have as precursors a 
pronormoblast (27), a basophilic normoblast (28), a polychronuc 
normoblast (29) and an orthochromic normoblast (30) A poly 
chromic normoblast (29) may, by losmg its nucleus, form a poly 
chromic erythrocyte (31) m the presence of pathologic conditions A 
megaloblast (36) according to tlus theory, is not a normal cell but 
develops from a polychronuc megaloblast (35), a basophilic megalo 
blast (34) a promegaloblast (33) and a stem cell (2) A monocyte (20) 
develops from an immature monocyte (19) whiii is derived from a 
reticulo endothehal cell (1) directly, or through a stem cell (4), or 
even from a !>mphocyte (22) Lymphocytes (22, 23, 24) come directlj 
from reticulo endotheUum (1) There is evudence that lymphocytes 
under stimulation in cases of disease may produce 'immature 
lymphocytes (21) or stem cells (3), and that the latter may m turn 
develop into mature lymphocytes A study of lymph nodes obtained 
from patients with myelogenous leukemia and a study of experimental 
metaplasia and tissue cultures (Maximow, Lang, Bloom) have revealed 
that lymphocytes (22 23 24) may also produce promyelocytes (7, 8) 
Stages of dedilTercntiation of lymphoQ'tes are indicated by dotted 
lines on the figure A leukoblast (6) arising from a stem cell (S) con 
tarns no specific granules, though azure granules may be present 
It IS a precursor of a promyelocyte which contains either neutrophilic 
eosinophilic or basophilic granules (7, 8 or 9) From these, in turn 
arise the myelocytes (10, II, 12), the metamyelocytes (13, 14, 15) 
and the leukocytes (16 17, 18) The myeloid leukocytes m the or 
dilating blood are being constantly replenished mainly by mitosis of 
myelocytes in normal bone marrow The platelets (39) are fragments 
of disintegrating megakaryocytes (38) Because of their size, mega 
karyocytes do not appear in the arculating blood, although an 
immature cell the megakaiyoblast (37), is occasionally found in the 
blood of patients suffering from myelogenous leukemia A megakary’O- 
bfast normally comes from a stem cell (5), and in pathologic conditions 
it may come directly from a reticulo-endothehal cell (1) 

Osgood's Nomenclature — As mentioned on page 286, there is 
much confusion concerning nomendature and classification of cells of 
the blood and bone marrow Osgood* has proposed a new nomenclature 

* Osgood E E. A Teitbook of Xabontoiy Ed 3 Phlladelplus Ttf 

Blakiston Company 1940 pp ISJ-IW 
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and has attempted to use one word to describe a cell to which a number 
of names have been applied by different authors He realized that 
usage will deade which term is finally used for these cells Osgood s 
classification is as follows 

In the lymphocyte senes he proposed that the term lymphohlast 
be used for the stem cell, prolymphocyte for the large lymphotyte, and 
lymphocyte for the small I^unphoc^te In the monocyte senes, he used 
monoblast for the stem cell, promonocyte for the immature monocyte, 
and monocyte for the large mononuclear endothelial leukocyte The 
greatest change m nomenclature is in the granulocyte senes Osgood 
proposed granuloblast for the stem all progranutocyle S and pro 
granulocyte A for promyelocytes, granulocyte for myelocytes, meta 
granulocyte for metamyelocytes, rhabdocyte for Schilling s stab cell and 
lobocyte for filamented polymorphonuclear leukocytes He also classi 
fied cells m the plasmacyte senes as plasmablast for the stem cell, 
proplasmacyte for lymphoblastic or myeloblastic plasma cells or 
Tflrk’s imtation form, and ptasmacyte for plasmacytoid lymphocytes 
In the erythrocyte senes he proposed the terms karyoblast lor the 
stem cell, prokaryocyte for orthochromatic, basophilic or polychromatic 
normoblasts, karyacyle for macronormoblasts metakaryocylelor normo- 
blasts, rettculoeyle for reticulated erythrocytes and akaryocyle lor the 
normal erythrocjte The platelets or thrombocytes be divided into 
tnegahharyohlast promegalokaryocyle, inegahkaryocyte and platelets 

D EZAMITTATIOn OF BO»S MAMOW 

Histologic studies of bone marrow have been the basis for much 
knowledge re^rding hematopoiesis The histologic technic for such 
studies does not properly belong among cluiical laboratory methods 
however, aspiration of bone marrow may yield mteresting matenal for 
chnicai laboratory study 

Adopting the technic of Schleicher and Sharp’ for preparing and 
stammg bone marrow, Beizer* suggested a simple method and has 
obtamed some interesting results 

Method — Place m a small test tube the amount of hepann that 
may be earned on the point of a 20-gauge hypodermic needle Dis 
solve this in 0 1 c c of distilled water Remove the nater by evapora 
tion in a drying oven, thus leavmg a fine coating 0 / heparin on the 
bottom of tube The Klima and Rosegger needle (Fig 158) is 

' Schleicher E and Sharp E A Rapid Methods for Prepanng and Slaiaing 
Bone Marrow Jour Lab and Ota. Med (June) 1937 

* Beizer, Lawrence The Antemortem Ezanunation of Bone htarrow Thesis, Um 
versity of Minnesota Graduate School, December 1941 
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very satisfactory, altiiough similar needles ■mtfi a guard of some sort 
may also be used Set the guard so that the needle may be inserted the 
proper depth and stenlize the needle by dry heat Also sterilise a 
5 c c synnge with dry heat Geanse the skin over the upper two- 
thirds of the sternum and prepare the skin as for an operation, with 
some antiseptic Anesthetiae the skm •mth a drop or two of a solution 
of procame hydrochloride Make a small nick through the cuticle 
Introduce the needle with a screwdriver like rotary motion through 
the bone Ihere will be a characteristic "give” to the point of the 
needle when entering the bone marrow Remove the stylet from the 
needle and attach the dry, sterile synnge Aspirate 1 to 1 5 cc of 
material Place the aspirated matenal m the tube containing the 
small amount of heparm Stopper the tube and agitate by tipping end 






Fg ISS — Klima Kowgger Deed!e for sternal puncture 

to end several times Follow the usual technic for making leukocyte 
counts Make an estimation of the total number of nucleated cells in 
the heparinized bone manow Make smears in the usual manner and 
stain them with Wright s stain followed by Giemsa stain Plate Vm 
shows cells from normal and pathologic bone marrow prepared m 
this manner 

Sternal aspiration is diagnostic m cases of untreated permaou^ 
anemia, m acute myelogenous kukemia and in man> insunas of 
chronic myelogenous leukeima ^Vhen positive evidence is found, it is 
of use in the diagnosis of lymphatic leukemia, monocytic leukemia, 
reticulo-endotheliosis, multiple myeloma, Gaucher’s disease and malig 
nant metastasis Sternal aspiration may serve in the diagnosis of 
aplastic anemia, infectious mononucleosis agranulocytosis congenital 
hemolytic icterus and hemorrhagic purpura by excluding positive 




PL\TC WII 



Bone marrow corpuscles (X 950). 1^, Promyelocyte; Lb, leukoblast wth arurophilic 
granules; Lm, lymphocyte; hin, monocyte; Mt, metamyelocyte; St, stem cell; N, normo- 
blast; Sg, segmented neutrophil, Bd, band form; My, myelocyte; Slim, myeloma cell; 
G, Gaucher cell; Mgk, megakaryocyte. , 



STUDY OF STAINED BLOOD 


293 


evidence of other blood dyscrasias However, the combination of 
sjTnptoras which most frequently suggests bone manow studies is 
anemia, leulopenia and thrombocytopenia A sternal aspiration is an 
important aid in the differential diagnosis of leukopenic leukemia 
aplastic anemia and idiopathic thrombocytopenic purpura 

E Vital SrAimnc 

(1) Erythrocytes —On the assumption that ordmary staimng of 
dned and fixed blood film gi\cs the reactions of dead cells and does 
not necessarily indicate the condition of the living blood, attempts 
have been made to stain blood cells in the living state The informa 
tion y lelded by this so called vital or ‘ supravital ’ staining has to do 
chiefly with certam "reticulated red corpuscles \shich contam a 
coarse skem or network of granular filaments Sometimes apparently 
dependmg upon variations in technic of staining there are no defi 
mte filaments, but only a number of discrete coarse granules scattered 
uregularly through the cell Tbe granulotiJamentous substance stams 
sharplj with many of the basic dyes when these are appbed to the 
livmg cells, but completely fails to stain in tbe usual dried films 

As to the nature of the reticulum little is known definitely ^ome 
workers connect U with poly chromatophilia others ^nth mitochondria 
In any case reticulation is apparently a characteristic of very young 
red corpuscles, and the number of these m the circulating blood is 
probably the best available index of the activity of blood regenera 
tion An mcrease may be interpreted as indicating both an evcessive 
demand for new cells and a competent bone marro'n ivhen the 
demand lessens or the bone marrow fads the number of reticulated 
red cells falls 

In healthy medical students we haveiound the reticulated cells to 
range from 0 3 to 1 per cent of all the red corpuscles usually 0 6 to 
0 8 per cent In young infants tbe percentage is two to four times 
as high Some writers give higher figures 0 5 to 2 per cent for adults 
5 to to per cent for infants In the various anemias associated with 
increased activity of the bone marrow they range from 2 to 20 per 
rent or even higher, the percentage running parallel with the varying 
actmty of blood regeneration and bcanng no necessary relation to 
the red cell count The percentage is notably high m hemolytic 
jaundice 

Of the vanous dyes which ha\e been used for vital staining, 
brilliant cresyl blue appears to be by far the most satisfactory ITie 
most satisfactory results are obtained with Grubler s dye, but at least 
one dye of Amencan make has proved equally good 
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The following method is wry satisfactory for staining reticulo- 
cytes Make a saturated solution of brilliant cresyl blue, by plaang 
a \ery small amount of dje m the bottom of a small tube (Wasser 
raann tube) and adding distilled water to dissolve as much of the dj’C 
as possible If the American made dye is used, better results may be 
obtained if the d>e is dissolved in 09 per cent salme solution Place 
a drop of the patient’s blood on one end of a dean slide as in making 
an ordmarj blood film Place beside it a drop of the cresyl blue solu 
tion, using a glass rod \\ ipe off the excess stam from the glass rod 
and mix the blood and the stain thoroughly The mixture will be a 
light green color Then spread the blood in the usual maimer, as 
illustrated on page 250 (Fig 127), and stain with Wnght’s stain 
The reticulocytes will have the appearance shown m Fig 159 A 
percentage differential count may be made 



Hg 15^— Reticulated red corpuscles dnvn from two slides stained u described to the 
test Tberedcorpusdeswereyellowishgtcco'lhereticuIumaodgTaoules blue (X 1000) 

Another method which gives excellent results, but which takes 
considerabl> longer tune to cany out, is also given 

1 In a centrifuge tube with conical tip place the following solutions 
and mix 

1 pet cent bnllunt cmyl bine in 0^ per cent sodium chlonde 

solutran fresUy filtered S drop* 

1 per cent neutni potissiam oxalate la 0^ per cent sodium 

ctlofide soluuon 25 " 

2 Prick the finger or ear deeply and allow 2 or 3 drops of blood to fall 
into the stain Mix gently and let stand tea to twenty mmutes 

3 Centrifugaliae for a few moments and by means of a capiflsry 
remo^ most of the supernatant fluid leavmg a volume equal to the volume 
of corpuscles Mu the sediment with the rcmainmg fluid transfer a small 
drop to a dean slide spread in the usual way, and dry in the air 
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The sediment must be suffiaently concentrated to allow of quick 
drying m order to avoid distortion of the corpuscles and to give films 
with the red cells lying close together but not overlappmg Also the sedi 
meat must be well mixed to prevent unequal distnbution of the reticulated 
cells owing to a possible difference in their specific gravity 

4 Examine with an 01 ] immeision lens and calculate what proportion 
of the red corpuscles show reticulum or granules As a basis for calculation 
at least 1000 cells (better 3000) should be examined for reticulaPon, and 
these on several different portions of the slide To obviate the difficulty of 
counting large fields with a ctmfusmg number of cells the field of view 
may be divided by cementmg four short pieces of a hair across the diaphragm 
of the ocular m such a way as to form a small rectangle m the center 

ti preparations made as above described the leiikoc>'tes*aad platelets*’ 
are colored shades of blue'and the red corpuscles yellowish g reen The 
reticulated corpuscles are often deadedly larger than their fellows The 
network and granules are deep blue and stand out dist inctly (Fig 159) 
The only serious source of error will be parDcJes of stain adhering to the 
surface of the corpuscles The preparaDons retam their color well if kept 
from the light 

^Vhen desired the films may also be stained mlh W right’s stam which, 
combined with the bnlbant cresyl blue, gives beautiful preparations which 
are quite satisfactory 

(2) Leukocytes — Florence Sabin has introduced a simple method 
of studying the leukocytes m the hMng condition which opens a new 
and fertile field for research, and also pronaises to become a useful 
clinical procedure, although suffiaent facts have not yet been accu 
mulated to give it clmical value at present For details the reader is 
referred to the papers of Sabm and her coworkers * 

A similar method has long been m use for vital stammg of red 
corpuscles, but the concentration of dye which stamed the red cells 
satisfactorily injured the white Jloreov'cr, m the case of the red cells 
It was not necessary to keep the cells alive during the examination 

Techojc. — I Carefully clean slidcsand covers as follows Soak m bichro- 
mate cleaning fluid three or four days, place jn nmniag water two or three 
hours, separating slides occasionally, nnse m three or four changes of 

‘Sabin, Florence R. Studies of Ijvms Human Blood Cells, Bulk Johns Ilopliias 
Hosp, ^ 277-2Sft (SepL), 1923 Sabm, F IL, Austnan C. (^nninglani R. S , and 
C. A. Studies on the hlatniation of MyelobUsts into Mj'elocytes and on Asutotie 
CeB Division tn the Pcnphcral Blood in Subacute ^-fyefobtistic Leuceinia, Jour Eiper 
Meik, 40 S45-87I (Dec ) I?’! Sabm F JL, Cunningham, R, S. Doan, C, A and Kind 
wall, J A. The Jsortnal Rhythm of the White Blood CeUs, Bulk Johns Hopkins Hosp, 

37 14-^7 (July), 1925 Cuntunghani, R Si, Sabm F R Sagiyama, S-. and Kindwall, 

J A. The RdJe of the ^fonocyt* in Tbbeivdosis Ball Johns Hopkins Hosp, *2.71-2X0 
(Oo.) 1925 
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distilled water^ and soak overnight store m 80 per cent alcoboL Before 
use wipe with a clean towel and polish slides with jeweler’s rouge appbed 
on a piece of silk 

2 Flame the sbdes and flood with a very dilute solution of the selected 
dj’e m absolute alcohol, dram off excess, and place the shdes upright until 
drj The film must be very thin and evenly spread Prepared shdes may 
be stored until needed, but must be kept from dust hlany stains will 
serve Sabin prefers neutral red (specify for vital stammg) as it is relatively 
nontoxic and is also an indicator, showing the chemical reaction of the 
parts of the cell which take the stain The very dilute solution with which 
the shdes are spread is prepared by nuxing 0 4 c c of a 1 per cent solution 
of neutral red m absolute alcohol with 10 cc absolute alcohol. When it is 
desired also to bring out the mitochondria of the cells, 3 drops of saturated 
solution of Janus green m absolute alcohol may be added to each 2 cc. of 
the diluted solution of neutral red 

3 Receive a very small drop of blood from a puncture on a perfectly 
clean cover, mvcrt upon the prepared slide, and immediately seal with 
vaselin of high melting point or with a mixture of vaselm and paraffin 
The shde must not be cold but need not be warmed 

4 Within ten minutes place the slide on a warm stage or better, in a 
micro-slide uicubator Examine at once with the oil immersion objective 
Normally the cells remam alive for at least an hour, sometimes three or 
four hours 

Each lot of cleaned slides and each new bottle of diluted stain should 
be tned out with normal blood to insure uniform conditions Leukocytes 
are very sensitive to the least trace of aad that may be left on the shdes 
and to an excess of the dye Any colormg of the nucleus mdicates injury 
to the cell 

Appearance of Leukocytes.— Fofymar^fenuf/cor neulrophStc [euheytes 
are constantly moving about with their characteristic ameboid motion and 
are readily seen Their cytoplasmic granules which are numerous, of small 
size and pale red arc constantly streaming through the cytoplasm As the 
cell moves about the nucleus with its several lobes, is usually m the rear 
part. In addition to the granules, the cytoplasm of most of these celb 
contains one or more rounded bodies which take the stam slowly These 
are larger than the granules and are presumably digestive vacuoles indi- 
cating phagocytic activity They vary m color, depending on the chemical 
reaction of the contents Certam leuiocy'tes are rounded and motioolessp 
tfie Duefeus is structureless and nearly fills the cell and the gTanuA^ 
although distinctly visible do not take the stom. These are mterpreied as 
dead or dying neutrophils Their number vanes at different hours, being 
usually greatest near the middle of the day The number may be greatly 
increa^ by faulty te’chnic (excessive heat, pressure of the cover, and 
so forth) 

The cytoplasmic granules of eostnopHtls and basophils stam with the 
neutral The basophihc granules are somewhat smaller than the eosino- 
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philic, and differ among themselves m size and depth of staining Digestive 
vacuoles are apparently absent from both cells Eosinophils are actively 
motile, basophils slightly so 

The younger manoc^les, vvnlh oval nuclei are rounded and practically 
nonmotile Their cytoplasm contains ver> fine salmon-colored granules 
which are grouped around a clear spot, the cenlrosphere ^\lth these fine 
granules are a variable number of larger red bodies, apparently digestive 
vacuoles The older cells, with lobulatcd or saddle-shaped nuclei, are 
more irregular m shape, usually elongated and are sluggishly motile The 
red vacuoles are usuallj numerous and may displace or at least obscure the 
fine granules 

T^e cj'toplasm of fympfioc^les is clear eicepting for a few small vacuoles 
which tale die red stain, and, when Janus-green is added, a clump of blue 
mitochondria opposite the nucleus The nucleus is oval or mdented, seldom 
round The large and small l>'mphoc>tes show no locomotion Those of 
mtermediale size move very slowly, and the nucleus 15 then at the front 
end and its shape changes 

Xn. SPECIAL BLOOD PATHOLOGV 

Because of the speaal functions of the blood and because of its 
arculation in all parts of the bod>, every local or generalized disease 
will produce some change tn it, even though this may be mappre 
ciablc by our present methods The great majority of blood changes 
are, therefore, purelj secondary and have no claim to be classed as 
blood diseases There are a few blood omditions (for example, malana) 
which may be regarded as true blood diseases, and stiU others of 
which the etiology is so obscure and in which the blood changes are 
so conspicuous and so dominate the clinical picture that they are 
commoriy spoken of as blood diseases In a general way, they fall 
into four groups In the first group, the charactenstic feature is a 
change in the amount of hemoglobin and number of erythrocytes, 
either diminution (anemia) or mcrease (erythremia), m the second 
group, the leukocytes are chiefly affected (leukemia and leukopenia) , 
in a third group, the clottmg medianism is distnbuted (hemorrhagic 
diseases), and m a fourth group, there are animal parasites Iivmg in 
the blood (malana and others) 

Ajrzmx 

For the sake of simplicity anemia may be characterized as a 
deficiency of hemoglobin The number of red corpuscles is diminished 
also, and decrease of blood volume and changeam the composition of 
the plasma are usual, but the hemoglobm loss is the most conspicuous 
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change Art tsUmatton of hemoglohn ts the most sensitive index of the 
existence and grade of anemia, and the most practicable, but the normal 
vanations dependent upon age and sex must be considered as well as 
the inaccuracies of the instruments m common use The appearance 
of the patient is often deceptive, since the color of the skin depends 
as much upon the capillat 7 orculation as upon the color of the blood 
Factors which Determine the Blood Picture m Anemia — Red 
corpuscle formation and red corpuscle destruction go on continuously 
iTithin the body In health there is such a balance between the two 
processes that the red corpuscles and the hemoglobin are mamtained 
at a remarkably constant level Any disturbance of this “hemogenic 
hemolytic balance” results m an increase or a decrease of the hemo- 
globin and the red cell count When the balance is upset by deficient 
blood formation, on the one hand, or by excessive destruction or 
actual loss of blood upon the other, the result is anemia, and, in an> 
given case, the red cells and hemoglobin will rise or fall as the hemo- 
genic hemolytic ratio fluctuates The red corpuscle count and the 
hemoglobin estimation therefore tell us no more than the grade of the 
anemia, that is the resultant of the two opposing processes of hemo- 
genesis and hemolysis We can. m a certam crude way, get at the real 
conditions by a study of urobilin excretion, particularly m the feces or 
duodenal contents (p 476), which serves as an index of blood destruc 
tion and by a count of the percentage of reticulated red corpuscles 
(Vital Staining p 293), which furnish a guide to the activity of blood 
regeneration The most information regarding types of anemia ts to it 
obtained from a careful mtcroscopK study of a veil stained blood flni 
In addition to simple diminution of hemoglobin and red corpuscles 
m anemia certain qualitative changes appear and may be very marked 
m the severer cases In general these are an expression of the strain 
put upon the erythroblastic bone marrow, which, when hard pushed 
tends to react excessively and sometimes in an abnormal manner 
and therefore puts out variable numlwrs of immature and imperfect 
red corpuscles (poikilocytes, polycbromatophihc cells nucleated red 
cells and so forth) The presence of immature forms may be thought 
of partly as representing a lowenng of the threshold whereby the) 
more easuy into tftc circuftiting blood fa some 
ow/ag probably to a toxic injury to the erythroblastic tissue, the typ^ 
of blood regeneration takes on some orihe characters of that seen m 
fetal life, and megaloblasts appear m great numbers in the bone 
marrow and even pass over into the circulating blood 

Many classifications of disease characterized by anemia have bee** 
proposed but none of them are entirely satisfactory The following 
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classification of Ottenberg* lists most of the conditions m which 
anemia occurs 

I Deficiencies 

(A) Jso'i Deficiencies 

1 Loss of blood 

(fl) Acute 

(6) Chronic 

(c) Hookworm anemia 

2 Hj^iocfiromic anemia 

(a) Chlorosis 

(A) Sim|>Ic hvTiochfonwc anemia 

(c) Achlorh>dnc anemia 

(rf) Hs-pochromic anemia of pregnancy 

3 Simple nutritional anemia of infants (on exclusive milk diet) 

(a) Anemia of premature infants 

(B) Depiciescy of “Antiakeuic Principle” 

1 Pernicious anemia 

2 Sprue 

3 ‘Tfcgnancy pemiaous anemia” 

4 Diph> Uobothrium anemia (certain cases) 

(C) Nctiutiosal Deficiencies 

1 Avitaminoses benben, pellagra, scurvy, nckets 

2 Loss of bile or of pancreatic secretion 

(a) Biliary fistub 

(b) Pancreatic or duodenal fistula 

3 Failure of intestinal absorption 

( 0 ) Chronic diarrhea, sprue (some cases), celiac disease 
(A) Stenosis of small intestine 

4 Nutritional anemia of adults 

5 Certain infantile anemias (von jakseb, Cooley) 

n Injury to the blood malyog organs (Interference with regeueratioD of 
blood) 

(A) Toxic Desircctiov or Marrow 

1 Aplastic anemia secondary to 

(a) Roentgen ia%s, radium thonum 

(A) Bcnrene arsphenatn nc nitrobenzene, tnnitrotoluene 

(c) Lead mercury and so forth 

2 "Primary” aplastic anemia (toxic agent not j'et known) 

* Ottenberg Reuben Reclassification of die Anemias, Jour Am lied Assn 100 
130S-nil (Apr 29) W33 
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(5) Mechanical Replacement op Bone Marrow 

1 Osteosclerosis 

(a) Osteosclerotic aoemia 

(b) Marble bone disease (Albers Schonberg) 

2 Gaucher’s disease and other hpoid deposits m bone marrow 
(Niemann Pick disease, Schdller Christian syndrome) 

3 Leukemia and Hodgkin's disease 

4 ^letastatic new growths m bone marrow 

(C) Interterence wth RECENERAnov OP Blood at Some 
iNTERitEDIATE StACC 

1 Diseases of the spleen 

(а) Banti's disease ("splenic anemia”) 

(б) Sclerosis or thrombosis of tlic splenic vein 

2 Diseases of the li\er 

(a) Cirrhosis 

(4) Prolonged obstructive jaundice 

III Dismtegration of blood (Hemolysis) 

(A) Caused by HERCDtiARV Depects op Red Blood Cells 

Themselves 

1 Hemolytic icterus 

2 Sickle cell anemia 

(B) Toxic Destroctiov op Blood 

1 Infections 

(a) Bacteria of all vanclies, especially those mviidiag 
the blood hemolytic streptococcus Staphylococcus 
aureus, Streptococcus vindans (bacterial endo- 
carditis) 

(4) Protozoa malana kala azar, syphilis 

(c) Acute febrile hemolytic atacmia (cause unknown) 

2 Intestinal worms (Diphyllobothnum) 

3 Cancer (including lei^emia and allied diseases) 

4 Nephritis — azotemia 

5 Extensive bums 

6 Hemolytic poisons 

(a) Serum hemoly'sms (paroxysmal hemoglobmuris m 
compatible transfusion) 

(4) Chemicals saponin pyndine, toKlcndiaroine, pjto* 
gallol snake >enom phenylhydrazme and potassium 

chlorate 

In the diagram (Fig 160) there is an attempt to present graphically 
a simple c]assi£catiDn of anemia acoirding to hemoglobin content 
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and the size of the erythrocyte Thus, anemia may be hypochromic 
the cell having less than the nonnal amount of hemoglobin, anemia, 
m which the individual cell has a normal amount of hemoglobin, is 
indicated as normochromic on the diagram (Some authors ha\ e called 
this type ‘ hyperchromic’ anemia but there is some question whether 
a cell ever contams more than a normal amount of hemoglobin for 
the size of the cell *) The erythroiytes may be small, or microcytic 
normal, called normocytic on the diagram, or they may be larger than 
normal, macrocytic The lines connecting words descnbmg the hcmo 
globm content of the erythrocyte, and those descnbmg the size of the 
cells represent the combmations of charactenstics that occur in vanous 
types of aneima The names placed on these hnes are those of defimte 


Hypochrom c Sortrochronac 



Hg 160 — Viigma ^ustntjae the dissiScaticn of the aisaaas. 

conditions or diseases that produce anemia of the type described by 
combimng the two charactenstics connected by the lines, thus acute 
hemorrhage causes a normochromic normocytic anemia — a loss of 
hemoglobm resultmg from a loss of normal cry throcytes, while chronic 
hemorrhage tends to produce a hypochromic microcytic anemia The 
conditions named on the diagram mil be considered m detail later, 
though there are other conditions which produce anemia which can 
be classified according to this sdicme Tone types of anemia may 
occur m any of the groups, and in many conditions there are combma 
tions that cannot be shomi on a simple diagram 

‘^\lntn3bf M \\ \olutae »nd IIemog!ol»n Conlenl of Red Blood Corpu9ck 
Simple Method of CalcuhiboQ Nonna! findings, and Value of Such Caicnlxtloas £a 
Anemiaa, Am- Jour Med So-. /77 513-S23 
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The more important conditions which produce “secondary” or 
symptomatic anemfa are listed below In many clinical cases two or 
more of these operate together 

(fl) Poor nutniton, which usually accompanies unsanitary condi 
tions, such as poor and insulhcicnt food 

(6) Acule infectious diseases, especially rheumatism and typhoid 
fever ITie anemia is often more conspicuous dunng convalescence 

(c) Chronic infectious disease, tuberculosis, syphilis, leprosy, 
chronic suppuration 

(d) Chronic exhausting diseases, as chronic nephritis, cirrhosis of 
the h\er, and gastro intestinal disease, espeaally when assoaated 
with atrophy of gastric and duodenal glands 

(«) Chronic poisoning, as from lead, arsenic, or phosphorus 
(/) Beniorrhage, either repealed small hemorrhages (chronic hem 
orrhage), as from gastric or uterine cancer, gaslnc ulcer, hemorrhoids 
utenne fibroids, or acute hemorrhage such as may occur in typhoid 
fever, tuberculosis, abortion, or traumatism 

(g) Malignant timers, particularly m the gastro intestinal tract 
and the uterus 

(A) Animal Parasites — Some cause no appreciable change in the 
blood, others, like the malarial parasite, the hookworm and the 
“fish tapeworm," Dipkillobothnum laiim, may give nse to veiy 
severe anemia, which m the case of D lUim closely simulates pro 
gressive pernicious anemia Examination of feces for the ova of parasites 
should neicr be omitted in cases of obscure anemia 

The blood changes vary somewhat Tvith the cause, but in general 
the picture is much the same Diminution of hemoglobin is the con 
stant and most characteristic feature In mild cases it is slight and 
IS the only blood change to be noted, in these cases the normal hemo- 
globin V’anations dependent upon age and sex must be taken into 
account as well as the tnaccuraacs of the usual clinical hemoglobin 
ometers A reading which is normal for a girl of seven 3 ears would 
mean anemia for a man In moderate cases of anemia, the value for 
the hemoglobin ranges from 10 to 12 Gm per 100 c c of whole blood 
m severe cases, it is from 6 to 8 Gm per 100 c c of blood, while m 
extreme cases it may be as low as 2 5 Gm per 100 c c of whole blood, 
or even lower Red corpuscles arc diminished in all but very nuld 
cases, while in the severest cases the count is sometimes as low as 
1,000 000 for each cubic millimeter The color index is generally 
reduced to about 0 7 or 0 8, but may rarely fall to 0 5 

Although the number of leukocytes bears no direct relation to the 
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dnemia, polymorphonuclear leukocyt(»is is common, being due to the 
same cause as is the anemia 

Stained films show no appreciable changes in ve^ mild cases 
In moderate to severe cases vanations in size and shape of the red 
cells occur, while scattered polychromatophilic cells are found, and 
even occasional normoblasts Very severe cases show the same changes 
to greater extent, with addition of basophilic granular degeneration 
and the presence of normoblasts m small or considerable numbers 
However, the student must be cautioned that, even when “very 
numerous,” these abnormal ceUs can usually be found only after a 
search, they are not found in every field, as many seem to expect The 
number of normoblasts hears no direct relation to the severity of the 
anemia, but rather serves as a rough index of the regenerative activity 
of the bone marron At times, particularlj in acute posthemorrhagic 
anemia great numbers of normoblasts may appear rather suddenly — 
a so-called blood onus — and this is often followed by rapid increase 
in the red count The finding of more than fiv e nucleated red cells for 
each hundred leukoc) tes seen during the differential count is rather 
arbitrarily taken to indicate a blood cnsis Megaloblasts may be en 
countered m severe cases of anemia, but m interpreting reports one 
should know the critena adopted in the particular case for identifica 
tion of the megaloblast They aie especially numerous and may even 
exceed the normoblasts m severe anemia of Diphyllobothnum infesta 
tion, which gives a blood picture identical with that of perniaous 
anemia, and m the anemia of malignant disease presumably ?nth 
metastases m the bone marrow 

In the anemia of lead poisoning a striking feature and one of 
much diagnostic significance is the exceptionally large number of red 
cells which show blue granuiation with the polychrome methylene 
blue eosm stams (Fig 161) These ^anulated cells may be found m 
chronic and acute lead poisoning even when little or no anemia is 
apparent, while m cases with marked anemia they may be so numer 
ous that several apjiear in every microscopic field Polychromatophilic 
anr munr xr£oxrmiwc> thsa at £ihe oswcii' 

1 Acute posthemorrhagic anemia, or normochromic normo 
cyttc anemia deserves more extended mention The greatest amount 
of blood which can be lost at one time with recovery depends upon the 
age and health of the individual, therapeutic measures, and other 
factors but is generally taken to be about one half the total blood 
volume Immediately after a large hemorrhage the red cell count will 
be the same as before Within a few hours the volume of blood is, to 
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a great measure, restored by means of fluids from the tissues, and the 
process of dilution continues more slowly for a day or two At the 
same time the red cell count and hemoglobin percentage fall to a 
figure roughly corresponding to the amount of blood lost. Actb-e 
regeneration of corpuscles begins within a short time, probably mthin 
twenty-four hours. The new corpuscles tend to be deficient in hemo- 
globin, hence the color index is low sometimes strikingly so. Some of 
the newly-formed cells show polychromatophilla, and a few normo- 
blasts commonly reach the drculation Occasionally blood crises occur, 
with subsequent improvement m the blood picture. There is moderate 
neutrophilic leukocj’tosis. Blood platelets are strikingly increased, e\’en 
up to 1,000,000 for each cubic millimeter 



lig 101 — Blood trom a case of secondary anemia due to Indpoifonlng lathissmall 
area note three red corpuscles shorimg basophibc granular degeneration fphotograpli 
X 1000). 

The time required for restoration of the ntimber of corpuscles is 
about a month in the case of a large hemorrhage in a prewously 
healthy person After a loss of 500 to 6(K) c c. — an amount frequently 
given by donors in transfusion cases — the number of corpuscles is 
usually made up in one or two weeks, although the hemoglobin per 
centage lags behind. GifTm and Haines' have shown that professional 
donors, who are usually between the ages of twenty and forty, may 
give blood every four to six weeks for two years or more wtb no 
apparent ill effects, and even with improvement in general health and 

» CI£Bn, 11. Z., and Hainej, S F • A Review of a Croup of Professional Donors, four 
Am. Med. Assn,, d/-S32-534 (Aug 18), IMS. 
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increase m i\ejght In some, hotreier, repeated bleedings are followed 
by mild anemia to which women show a greater tendency than do 
men, and m a very few, probably because of preexisting weakness of 
the blood forming tissues, marked chronic anemia may develop 

2 Progressive Pernicious Anemia (Addison's Anemia) — 
'Ihis IS a nornjochromte viQcrocyUc anemia ^lie essential feature is 
excessi%el) active destruction of red corpuscles by an unknown 
poison, together with activ e, although abnormal, regeneration of red 
corpuscles by the bone marrow The course of the disease and the 
blood picture vary with the varying rate of blood destruction with 
the functional suiEaency of the hcmogenic bone marrow, and with the 
bone marrow threshold for immature cells As a terminal event the 
bone marrow may become exhausted, giving a blood picture similar 
to that of aplastic anemia Charactenstu; of the clinical course is a 
sinking tendency to remissions, which may occur spontaneously or 
may be induced by one or another therapeutic measure At such 
times hemolysis is greatly reduced, and the blood picture approaches 
the normal There maj be one or several of these remissions, lasting 
from a few weeks to many months or even years Stockton has 
reported a case with remission of twelve years While m some cases 
diagnosis can be made with considerable certainty from a study of 
repeated blood exarmnations, yet, as a rule a careful analysis of all 
clmical and Jaboratoiy data is required and even this may sometimes 
be mdecisive Of the laboratory findings the most significant for 
diagnosis are the blood picture, (he great increase of urobihn m urme 
and feces, and the absence of free hydrochloric acid from the gastric 
juice 

Castle and Strauss* and their colleagues have mvestigated the 
relation of diet and gastric disorders to anemia The evidence is 
that their hypothesis that pemiaous anemia is a peculiar type of 
deficiency disease is correct This condition results not from an made 
quate diet, but from a failure of a normal function of the stomach 
to manipulate proteins m the production of a factor necessary for the 
activity of bone marrow The epoch making experimental work of 
Whipple and his assoaates in the administration of liver, and vanous 
other substances to dogs, which were made anemic by repeated bleed 
mgs led Mwot and Murphy to use liver in vanous ^OIms in the 
treatment of penuaous anemia The results have been so remarkable 
that the entire picture of the course of the disease, m cases in which 

* CsJtle, W B Clark C VV , Straosi, Jf B-, and Tomstrid W C. The BrJatlon 
sUp of Dtforden ef the Digestive Tract to Anemia, Jour Am. Med Assn., P7'9W-W7 
(Sept. 26) 1931 
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patients have been treated m this manner, has been changed While 
the classic description must still be presented, the student at the 
present time probably will not often see the terminal stages of this 
so called ' pernicious” disease * 

Perniaous anemia is practically never seen at the onset of the 
disease, so that red cells are generally very low when the first exam 
ination is made — usually 1,500,000, or Jess, for each cubic miUimeter 
in dispensary v,OTk, more frequently about 2,500,000 m pnvate prac 
tice ITiere seems to be a tendcnQr for the red cells to fall rapidly to 
a certain level, wluch varies with the case, usually between 1,000 000 
^nd 1,500,000 for each cubic millimeter, and to remain fairly stationary 
near this level However, a few cases have been reported which ter 
minated fatally with the red corpuscles above 2,500,000 for each 
cubic milhmeter, while, upop the other hand, counts as low as 150 000 
have been recorded In remissions, the red count often rises mth 
surpnsing rapidity, for example, from 1,000,000 to 3,000,000 within 
a few days 

The average hemoglobin value in active cases is about 3 to 4 5 
Gm per 100 c cin more than two thirds of the cases the hemoglobin 
loss IS apparently less than the loss of red cells on account of the 
macrocytosis The color index is therefore high, usually 1 1 to 1 S, 
sometimes as high as 2 A color index of O'S or below speaks against 
a diagnosis of progressive pernicious anemia, although it may occur 
m mild cases, or m the cnrly stage of a remission when the blood 1 $ 
rapidly regenerating as following transfusion To be of any value, 
however, color index determinations must be based upon an accu 
rately standardized hcmoglobinomctcr (p 229) The volume index is 
high, and 13 ev en more significant than is the color index 

In stained films red corpuscles show marked variations m size and 
shape There is decided tendency to large oval forms, and despite 
the presence of microcytes the average size of the corpuscles is gen 
erally strikingly increased In some cases even the majority exceed 
11 n m diameter a circumstance of great diagnostic sigmficancc A 
few of these large cells show endoglobular degeneration Another 
stnking feature of the red cells is that while an occasional corpuscle 
may show marked pallor, the great majority evidently contain their 
full amount of hemoglobin Polychromatophilic red cells and cells 
showmg basophilic granular degeneration, especially the former, arc 

•The student should ramiiianze lumsdf snlh the literature of Dr Whipple ^ 
associates and n Ih the diiucal reports of Dr hJjooi and Dr JUurphy The 
in htediane for 19S4 was awarded to these Americans jointly for Ihar very valuable wor* 
IB this field 
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numerous in some cases scarce in others Nucleated red corpuscles 
are probably present in every case though not always continuously 
Contrary to the impression usually gamed by students who m their 
class work have studied onl> slides from selected cases nucleated red 
corpuscles are not often numerous a search of fifteen mmutes to an 
hour or more being generally required to find them As a rule the 
presence of a large number is a pomt against the diagnosis of per 
niaous anemia except during a blood crisis which is an mfrequent 
inadent The diagnostic weight given megaloblasts by different work 
ere vanes but in general /ess importance is asenfaed to them than 
formerly It depends in a large measure upon the criteria adopted 
for identif>ing these cells (p 261) The young megaloblasts larger 
than polynuclear leukocytes nearly alwayrs polychromatophilic and 
with large dehcately reticular nuclei are indeed very rarely seen m 
other conditions but in probably half of the cases of pernicious 
anemia they are found only after tedious search or not at all Some 
times they are unev enly distributed few or none being found on one 
slide, while on another, made at the same time they may be readily 
found In many cases of pemiaous anemia only the older megalo* 
blasts with small condensed nuclei can be found m any length of 
time which is practicable m clinical work, and these have less sig 
mficance, although still very suggestive (Rg 162) 

The leukocyte count may be normal or moderately high, but is 
commonly diminished to about 3000 or 4000 for each cubic millim 
eter, and is sometimes much lower The decrease affects chiefly the 
neutrophils so that lymphocytes are relatively increased In some 
cases a deaded absolute increase of ly mphocytes occurs Neutrophilic 
leukocytosis, when present, is due to some complication Occasional 
neutrophilic myelocytes can usually be found Heck and Watkms' in 
a study of 50 well proved cases demonstrated that maeased seg 
mentation of the nucleus of the poJymorphonudears is the rule 
(Fig 163) 

Vital staining (p 293) will generally demonstrate a marked 
increase in the number of reticulated red corpuscles which usually 
range between I and 5 per cent in this disease but may at times 
reach 20 per cent of all the red corpuscles This percentage is a useful 
index of the activity of blood regeneration and it should be con 
sidered in connection with the urobilin excretion the index of hemol 
ysis since it is upon the balance between hemogenesis and hemolysis 
that the welfare of the patient depends Resistance of the red cor 

* Hrck, F J aad Watkins, C. H The >eutn>pktl in Pemiaous Anemia, Am. Joof 
a n Path., 3 26S-269 July) 1933 
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puscles to h>TX)tor»c *all soIulfoM (p 327) {5 not much ciunRcd, but 
IS usuall) alight!) mcrea.vMl, thua showing that the cxctssivx hemo!)'iu 
15 not <luc to mcrct'cd fragiUij of Uie mf cells n» U Is m the case of 
hcmol)ttc jaundice 



Rj 16'’ — ni>*vj erll! In (Vnslcmt \o»r b »I*e lad »b»{» ^ t'* 

wi wpuKJrt, || rre we wnb littfaUf, (krpty kU[e<tl BoeJ«», rri cct 

puKln »hc*injf irrwic, et rolj-clircja»lopf'’»k. txv{ib2< frxn jl*r bm eM 

nudfsr jurlkle, one tjmTrlioeyte *r><1 one r>otjrr'«tI>|j>v“o<lM; RwlrcphU. All 
sftcul ffilt Off Iwo iE<fr» U nc^i fiMb, X W(oa irot. ■■ t rJcw) 

As ft rule blcxxl phtelcts arc dunmiahcd, e%en below 50,000 m 
some cases Tlie decrease is apjwircnt In the stained film, where it 
may be diQicult to find an) Coagulation time is dcla)'etl 

To sum up the blood findings to typical cases of perntaous anemia 
The red cells arc greatly diminished, the color index and s-otume index 
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high, leukoc>’tes normal or slightly diminished, platelets reduced 
Many macrocytes, and a few megaloblasts arc present in stained films 

The tropica! disease spnie should be mentioned in connection with 
anemia of this t\pc. It is a disease of unknown etiology, which is 
charactcrued by *orc mouth, and tongue, and by gastro intestinal 
s>Tnploms There is usually, but not alwa>"s, a copious diarrhea, with 
frothy, bulky stools Subsequently, a ttormochromu: macrpcyik anemia 
may dc\-elop 

3. Anemia During Pregnancy. — A toxic factor, the result of 
pregnanej', may account for a normocl romic itortnocylic anemia The 
bone marrow function is impaired and there ts a lack of pro<luclion 



Fit- t63 — 'InatiJfd nucJeai of ncutropblU in pwrucious snemia fphoto. 

graphs X 1450) 

of normal cells containing the normal amount of hemoglobin. There 
is usually some anisoc> losis and polychromatophiUa, and an increase 
in reticulocytes Esidence of toxidty is shown in a moderate "left 
shift" of the ntutiopWis, with swtUiwg o( the nuclei, cloudiness, of the 
chromatin, and irregularit> in distnbution of the specific granulation, 
and intensification of the staining reaction of the indiWduaJ granules 
After parturition, the blood usually regenerates promptly and returns 
to normal. 

A second type of anemia in pregnancy is characterised chiefly by 
marked hj’pocbromasia — a hypochromic iiormocylic anemia. All other 
features are practically the same as in tj-pe 1. It is likely that this 
l>’pe of anemia represents an aggrax'alion of a prevdous tendency to 



anemia It is corrected rather promptly with the administration of 
feme atrate, or ferric ammonium atrate in lar^^e doses 

In malignancy the anemia is usually of the hypochromic normocyttc 
type 

4 Hemolytic Jaundice (Congenital Familial Icterus) —This 
IS a rare, chronic, generally hereditary, disease, which is charactenred 
by periods of cxcessi\e hemolysis, and which results, in part at least, 
from abnormal fragility of the cry throrytes There is marked spleno> 
megaly, and usually rather definite icterus 

A sinking feature, Irom the laboratory point of wew, is the low 
ered resistance of the erythrocytes to hypotonic saline solution, m a 
typical, \scU marked case, initial and complete hemolysis occurs in 
0 5 and 0 4 per cent saline solution (p 327) The familial tendency 
of this tliscast. IS indicated by tlie fact that other merabexs of the 
same family may re\eal the same fragility of erythrocytes without 
any other signs of the disease The anemia normochromic and mtero- 
cyttc, IS usually ^e^y marked the number of erythrocytes \ancs 
between 1 500 000 and 3000000 per cubic millimeter, and the color 
index IS about 0 8 to 0 9 The micro^tcs for the most part stam 
solidly and arc definitely spherical Hadcn^ has advanced the hy 
pothesis that the«e spherical microc\tes arc the fragile cells and 
that the fact that they ha%e lost their charactcnslic shape and no 
longer appear as biconcave disks is evidence that they will be easily 
destroyed Vital slauiing reveals a distinctly higher percentage of 
reticulated red cells than is usual in pernicious anemia The urobiliD 
content of the unne feces and the duodenal contents is high 

5 Cirrhosis of the Liver — The anemia that is found m cirrhosis 
of the liver is usually hypochromic macrocytic, with a color index 
which IS less than 1, although Cheney’ reported a few cases of lie 
normochromic macracylic type la nhi^ the color index was gKstet 
than 1 

6 Simple Achlorhydric Anemia* — ^This hypochromic nttcro- 
cytie anemia usually affects middle aged women It is diaractcnzed 
by pallor, weakness atrophied tongue, bnttle fingernails, aclilorhy 
dria, and a color index which is less than 1 The hemoglobin content 
is low, 4 to 10 Gm per 100 c c of blood, while the erythrocyte count 

* Haden R I Tlie Meehan sm of the Increvsed Frag-lity of the Frylhrocytej to 
CoDgen tal Hemolylic Jaund ce \m Jour Med ISS 44M-10 (Oct ) IVM 

* Cheney Camclt Morphology of riylhrexyies In Grrhosis and Oiher Diserdci* 
oflheLi\er Calf and West Med J9-90 97(Aug) 1W3 

* Meulengracht C S mple Achylc Anemia, Acta Med Stand 7^3^7-426 19^ 
Damashek W ilham Trlmary Hypochromic A&emia CLnlca] Features, Jour Am. 

Assa, ICO 540-S4S (Ftb 25) 1933 
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ranges from 1,500,000 to 4,700,000 per cubic millimeter The cells are 
chiefly microcytes. The leukocyte count is usually about normal, 
though leukopenia, and low platelet counts ha\ e been reported. The 
flrst description of the syndrome is credited to Faber in 1909 It nas 
named “simple achylic anemia” by him in 1924. There ha^e been 
numerous names proposed for the disease; among these are the fol- 
lowing; Chronic microcytic anemia, idiopathic hypochromic anemia, 
chronic chlorosis, achylia chloranemia, essential hypochromic anemia, 
simple achylic anemia, primary hypochromic anemia, and simple 
achlorhydric anemia. This last name is preferred by several authors 
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t'jt IM — Rfd blood corpu*<l«incHoros«(A)ani|pen>iaou$«nemia fC) coiUraile*! 
wiih tho«e or normal blood (li) In a well marled cije of ehloro'is ihe r«l corpuvJes art 
pale and nnglike, in pernicious anemia they are nch in bemoglobin, and show marked 
virialjons irt si/e and shape The mfgaJofyJe jn »be upper pari of Ujc figure is especially 
characienslic of pernicious anemia VVrigbt’s slam, photographs (X 7fO) 

All investigators of this condition report a remarkable response to tlic 
administration of iron salts in large doses 

Chronic hemorrhage is also characterized by inpochromic vtuto- 
cylic anemia as is the rare disease, chlorosis. The latter disease has 
been described in all of the tesibooks for many jears as a profound 
anemia whicli affects adolescent girls and which produces a peculiar 
greenish pallor- The color index may be only 0 4 or 0 5. as a result 
of the marked h> 7 >ocliromia (Hg 164). The cell count is usually rather 
high, and nearly all of the cells arc of the microev tic Iv^pe. This disease 
is not often seen in the United Slates at present. 
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7. Sickle Cell Anemia. — ^In 1910 J B Hemck* desenbed a 
peculiar form of anemia m which a large proportion of the red cor 
pusdes were crescentic or fusiform m shape This anemia is now 
recognized as a dinical entity, and many cases are on record, usually 
m Negroes Instances of this type of anemia have been reported 
among Greeks, Itahans and Sialians, m one case that was reported 
the patient was a boy of Scotch Irish parentage It is a hereditary 
and fanuhal disease, present and recognizable very early in infanQ' 
There is probably a congenital defect of the red corpusdes which 
renders them susceptible to certain hemolytic poisons, and to phago- 
cytosis, although resistance to hypotonic salt solutions appears to be 
normal or m some cases slightly 
increased The disease appears in 
two forms latent and active ^VhlIe 
transitions from one to the other 
may occur, these are not merely 
stages m the development of the 
disease 

In the latent form, which is 
mudi the more common, there is no 
definite anemia The usual routine 
blood examination shows no more 
than amsocytosis with many micro- 
Q'tes, and, on careful search, a few 
endotbehal leukocytes containing 
phagocjtized red cells The diag 
nosis IS established only by the 
study of wet preparations sealed 
with vaselm, and kept m a wann 
place After eighteen or twenty four 
hours these show great numbers of the remarkable crescentic fusiform 
and stellate red corpuscles which are charactenstic of the disease, and 
also active phagocytosis of red cells by monocytes 

In the actue form, which is most active in children, anemia is 
marked Red corpusdes usually number 1^500^000 to 3t000,000 m each 
cubic millimeter Many sickle shaped and elongated corpusdes are 
present in stained films (Fig 165), and phagocytosis of red cells by 
monocytes, and even neutrophils, is always present These charac 
tenstics become much more marked m sealed wet preparatioa 
which stand for some hours There are many microcytes and numei 

* Hemck J B Peculiar Elongated and Sick]e>shaped Red Blood Corpuscle 
Case of Severe Anemia, Arch Int. Med , tf 517-521 (Nov ), 1910 



Tig 165— Bloodiasidde<eUanemta 
active form stained film The dagnosb 
■s best made from unstained wet prep- 
arations In which after a lew hours the 
number of crescent c and stellate forms 
i$ greatly increased (Photograph about 
X 500 ) (Courtesy of V P Syden 
sir cker) 
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OU3 normoblasts. The hemoglobin content is proportionately high, so 
that this disease may be classed as a normochromic microcytic anemia. 
Vital staining shows a great increase of reticulated red corpuscles, 
which reach 15 to 40 per cent of the total number. Moderate to 
marked leiikocytosis is the rule ydth nearly normal differential count, 
and ordinarily a shift of Arneth’s fonnula to the right; a few macro* 
cytes may be present. There is much urobilin in urine and feces, 
showing excessive blood destruction. The acidity of gastric contents 
is low, but hydrochloric acid is not completely absent. For a complete 
bibliography of this interesting disease the student is referred to the 
report of Diggs.' Of interest are the observations on this disease by 
Sharp and Schleicher.* The method of study described by Beck and 
Hertz* is briefly as follows: 

Let a drop of blood fall in a small tube containing 0.2 to 0.5 c.c. of 
a mixture of equal parts of physiologic salt solution and a 3 per cent 
solution of so^’um citrate. h£ix the blood thoroughly through the 
solution and add a sufficient quantity of paraffin oil to make a layer 
1 cm. thick. Make sure no bubbles of air are under the oil. Let the 
preparation stand for twcnty*four houts. then introduce 0.2 to O.S 
C.C. of 10 per cent solution of neutral formalin in physiologic salt 
solution. This is most easily prepared by adding 0.85 Cm. of sodium 
chloride to 100 c.c. of 10 per cent neutral formalin. Thoroughly mix 
by forcing the liquids in and out of the pipet several times. Place a 
few drops on a slide and cover with a cover glass. Examine the moist 
preparation for sickle cells. 

Diggs and Pettit,* in comparing various methods, advocated as the 
most convenient the stasis method of Scriver and Waugh.* The steps 
of this method are illustrated in Fig. 166 (p. 314). They have found 
that when the preparations arc made by this method the results may 
be read immediately; consequently, this is the method of choice for 
routine work. 

8. Acute Aplastic Anemia. — ^Tbere is a rare and rapidly fatal 
anemia of obscure etiology which is apparently the result of more or 
Je.ss crtropleie failure of Hood ionnation, the red bone marrow bciqg 

* Diggj. L. W.; The Blood Pkture ia Sickle Cefl Annaia, South. Med. Jour , ZS.-Cl^ 
620 (June), 1W2. 

* Sharp, E. A., and Schleicher, E. M-: Ilcrnatolopc Observations of> Sickle Cell 
Anemia. Am. Jour. Gin. Path- d;3SO-5W (Nov.). IW6 

* Beck, J. S. P., and Ilerti C. S.: Slandardizin]; Sickle Cell Method and E«<lence ol 
Sickle OH Trut. Am. Jour. Oin Path , J-J25-LW (July). 17.15. 

* DijKs L. W., and Pettit. V. D.* A Comparison of Methods Used in the Deteclloa 
of the Sickle*CeU Trait. Jour. Ub. and CHn, Med 25-U06-l!n fjutv), mo. 

* Scriver, J. B., and Waugh, T R.: Studies ea a Case of Sickle-Cell Anae m ia. Ca&ad. 
M. A. Jour. 2J.J7S-3S0 (Sept.), 1930. 
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found at autopsy to have almost wholly disappeared, even from the 
flat bones and the bodies of the vertebrae. To this the name “aplastic 
anemia” is applicable The failure appears to involve red blood cor- 
puscles first, then leukocytes, and finally platelets 



The disease is most frequent between the ages of sixteen and 
thirty, its duration is only about two or three weeks The red cor- 
puscles sink to I 000, COO for each cubic nullimctcr or less, and hemo- 
globin likewise falls rapidly. The leukocytes generally are low Plate 
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lets are dimimshed, and when they are very low symptoms hie those 
of purpura haemorrhagica appear 

In contrast to other conditions which grve so low a red cell count, 
stained films show little that is abnormal unless some foci of active 
bone marrow remain, in which case a few normoblasts and other cells 
indicating attempted blood regeneration may be found 

Reticulated red cells are rare, resistance of the red cells to salt 
solutions of various strengths is about normal Bleeding time and 
coagulation time are somewhat prolonged 

Aplasia of the bone marrow, with a similar blood picture, may 
occur secondarily in leukemia and other ainditions 

9. Acute Hemolytic Anemia — ^Ledcrer,* m 1925, described an 
acute anemia which is rare, but which is now recognized as a clinical 
entity Giordano and Blum* presented an excellent review of the 
hterature up to the time of reporting 3 cases of this disease It usually 
affects children and }oung adults, and is characterized by an acute 
onset, severe normochromic macrocytic anemia with marked erythro- 
rytic destruction, marked leukocytosis, or, at times, a Icukemoid 
reaction, hyperbilirubinemia, often hemoglobmcmia and marked re 
generation of blood with rcticuIoc> tosis The prognosis is grave, 
although there t$ a tendency to spontaneous recovery Blood trans 
fusion often brings about a spectacular and nearly immediate cure 
This form of therapy may be the chief aid at limes in the differential 
diagnosis 0 / acute hemolytic anemia, pernicious anemia, and acute 
leukemia 

.Jd, Paroxysmal Nocturnaf Hemogfobtnuna with Hemolytic 
Anemia (Atarchiafa>a«/\\ichcli Syndrome). — ^Another form of ane 
mia IS accompanied by paroxysmal nocturnal hemoglobinuria This 
disease is characterized by microcytic anemia, hypochromia, with 
corpuscles of normal shape Ihc fragility test is normal There is a 
persistent rcticulocytosis and a leukopenia with relative lymphocy 
tosis and a m^erate dc^e of thrombocytopenia The sternal marrow 
shows hyperplastic erythropoietic elements There is a recurring fever 
and a predisposition to thrombosis and a slight icterus One ol the 
most striking signs is nocturnal hemoglobinuria which is increased by 
an accumulation of carbon dioxide m the arculating blood The dis 
ease termmates fatallj For a recent discussion of this syndrome and 
* Ledcrer llax A Form of Acute llemoljtic Anemn prolwbly of Infrctioiu Ongin, 
Am Jour Med Sa 170 ■'OO-SIO (Oct ) Three Add lional Cases of Acute Ilemo- 
lyUc (Infectious) Anemia Am Jour Sa t70 2M 2i6 {I cb ) 1910 

1 Giordano A S , nn<l DIum L L. Acute Hemolytic Anemia (Lcilerer Type) Am 
Jour Med. Sa., IS>f 311-326 (SepL), 1937 
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bibliography, see the article by Buell and Mettier ‘ See page 754 for 
a test for the demonstration of the hemolysis that occurs m this 
syndrome / 

•/ B PoLrcTxnsMU 

Secondary increase of red corpuscles and hemoglobin due to 
chronic heart disease concentration of blood in severe diarrheas and 
other causes, is known as erythrocytosis, and has been discussed (p 
217) In addition a rare ‘ idiopathic polycythemia ’ possibly some 
what analogous to leukemia, is recognized, and is known as erythremia 
or polycythemia vcra There is marked hyperplasia of the red bone 
marrow, thought by some to be of the nature of a malignant tumor 
arising from the erythroblast, and the spleen is generally much 
enlarged Patients exhibit a peculiar and striking cyanotic cast of 
countenance Minot and Buckman have observed an apparent transi 
tion from erythremia to myelogenous leukemia m 3 cases, and believe 
that the two diseases are intimately related 

The red corpuscles of the circulating blood number 7 000 000 to 
12 000 000 The highest counts recorded are 15,500 000 and 15,900 000 
Hemoglobin ranges from 110 to 150 per cent, and the color index is 
moderately low Macrocytes miao^tcs polychromatcphilic red cells, 
and normoblasts may be met but are not prominent Moderate poly 
morphonuclear leukocytosis is the rule The blood coagulates rapidly 
As would be expected its viscosity is very high The total volume of 
the blood is two to three times the normal Kesistance of red cor 
pusdes to hypertonic salt solutions has been found increased when 
tested R J Pickard has noted an increased resistance of the red cells 
to antihuman hemolytic amboceptor 

C. Hekocoitcehtratioit 

In contradistinction to polycythemia and to a persistent erythro 
cytosis which is found in persons living in high allliudfis there occurs 
under certain conditions a rapid increase in the relative erythrocytic 
content of the blood This is called hcmoconcentration Moon’ has 
given a comprehensive review of the literature on the occurrence and 
dinical significance of this phenomenon The simplest method of 
detecting hcmoconcentration is the demonstration of a sudden increaK 
in hemoglobm content This may be confirmed by an increased 

•BuelJ Arthur and Mettfr S R Paroxysmal Nocturnal Hemoglob nurh 
Ilemolyt c Anem a (Marchiafava Michcb Syndrome) Tour Lab & Clin JIfd 20 H34- 
1439 (June) 1941 

*Moon V II The Occurrence and Cluucal Spilficance of Hemoconcentration 
Ann Int. Med J3 451-475 (Sept ) 1939 



SPECIAL BLOOD PATHOLOGY 


3J7 


erythrocyte -count and by a comparative increase in the cellular 
volume as demonstrated by the hematocrit method. In cases of burns 
there is marked hcmoconcentration as the fluid portion of the blood 
leaks into the tissues. Hemoglobin content has been found to be 
reduced after hemorrhage and increased during shock. In shock there 
is reduction in the plasma volume resultirig in hemoconcentration. 
In anaphylactic shock the same hemoconcentration as is found in 
surgical shock has been noted by some investigators. Hemoconcentra- 
tion occurs several hours before blood pressure sinks to critical levels. 
Studies of blood concentration made early may show a rising curve 
that will act as a warning signal of the more serious circulatory 
failure that will follow unless active supportive treatment is immedi- 
ately carried out. 

D. L£UE£M1A 

Two t>'pes of the disease are commonly distinguished. Atypical 
cases are not rare, especially in children. The disease is characterized 
by hyperplasia and ovcractiNily of the leukoblastic bone marrow 
(myelogenous leukemia) or of the Ijiupboid tissue (lymphatic leu- 
kemia), together with overflow of many immature leukocytes, and 
excessive numbers of the adult normal types into the circulating blood. 
By some it U regarded as a neoplasm with metastases in the blood 
stream. An acute and a chronic form of each of the two types occur, 
although chronic cases are by far the more common. In general, the 
more acute the process the larger the proportion of very immature 
cells which reach the circulation, 

1. Chronic Myelogenous Leukemia.-— Owing to its insidious 
onset, the disease is rarely recognized until well established. By this 
time, e.Tcept in rare instances, the diagnosis is easily made from the 
blood alone, usually at the first glance at the stained film. Not infre- 
quently the existence of the disease is first revealed by a blood exam- 
ination made with some other diagnosis in view. A significant clinical 
featxue, which may be the first sign to arouse suspidon, is great 
enlargement of the spleen; because of this the name splenomyelogenous 
leukemia is sometimes used. The duration of the disease is variable; 
it is usually fatal within two to five j^rs, but cases which were under 
observation for a much longer period are on record. 

. The most striking feature of the blood picture is an enormous 
increase in number of leuko«^tes, which is usually evident at the 
first examination. The leukocyte a>unt in ordinary cases lies between 
100,000 and 400,000 in each cubic millimeter, while counts over 1,000,- 
000 have been met. In exceptional cases, upon the other hand, the 
counts may not rise above 50,000. The height of the count is not 



necessarily an index of the seventy of the disease There fs little 
tendency to progres ivc increase as the disease advances, and there 
may even be a decided fall m the count in the terminal stages Dunng 
spontaneous remissions during inlcrcurrcnt infections, and dunng 
treatment ^^^th x ray or benzol it miy fall to normal 

While these enormous Icukocjtc counts are approached in no 
other disease except Ij mphalic leukemia, and a rare case of extremely 
high grade neutrophilic leukocytosis, the diagnosis particularly dur 
mg remissions, depends more upon qualitative than quantitative 
leukocytic changes (Plate I\, 1 ig 2) Although all vaneties arc 
increased the characteristic and conspicuous cell is the myelocyte, 
and diagnosis cannot be made in its absence This cell never appears 
in normal blood, rarely in leukocytosis or lymphatic leukemia, and 
only occasionally in pernicious anemia In chronic myelogenous leu 
kemva it usually constitutes more than 20 per cent of all the leuko- 
cytes DaCosta’s lowest case had 7 per cent The neutrophilic fonn is 
generally much more abundant than the eosinophilic, which, however, 
IS the more characlenstic, as it occurs practically nowhere else Both 
show considerable variation in size hfycloblasts may be present m 
small or moderate numbers at any time and in (he terminal stage may 
be abundant A marked increase in their number is of grave sig 
nificancc, indicating a tendency to a more acute course Very constant 
though not of much diagnostic signilicancc, is a marked absolute, and 
often a relative increase of eosinophilic and basophilic leukoqrtcs. 
Polymorphonuclear neutrophils arc absolutely increased, although 
relatively decreased Many atypical and degenerated leukocytes 
which may be listed as "omdcntUicd ” may be found 

When the patient is first seen the red eel! count may be normal 
with only slight dcfiacncy of hemoglobin Sooner or later, however a 
definite anemia develops the red cells generally falling below 3 500 000 
Accurate estimation of hemoglobin is difTicult m some cases owing to 
the cloudiness produced by the great number of leukocytes The 
color index is moderately low In stained films the red cells show the 
usual changes seen in severe secondary anemia, excepting that nu 
clcated red corpuscles are commonly very numerous In fact, no 
other disease gives so many or oflers so good an opportunity lor their 
study They are chiefly of the normoblastic type, and often all stages 
in their aging can be followed, from large polychromatophilic, imma 
ture forms which resemble mcgaloblasts to small orthochromatic 
forms with pyknotic nuclei Mitotic fgures arc common True mega 
loblasts are present in some eases, but it is often difficult to deade 
whether a given cell is a megaloblast or an exceptionally ytiung 
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Fig 2 — Blood in chronic myelogenous leukemia Wnght's stain, X "00 
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Donnoblast Blood platelets are vanable, but generall_j greatly in 
creased 

2. Acute Mjelogenous Leukemia.—This is a rare form of 
leukemia which rapidly progrc^es to a fatal termination, usually 
within three to eight weeks rromincnt clinical s>mptoms are irreg 
ular ^e^e^, and a marked tendency to hemorrhages from gums and 
mucous membranes and into the skin In some cases there is a throat 
condition closely resembling Vmcent’s angma, and containing the 
typical spirochete 

The leukocyte count is not so high as m chronic mjelogenous 
leukemia, seldom exceeding 100,000 m each cubic millimeter, and it 
may be below 10 000 The predominating leukocyte is the most 
immature member of the bone marrow senes, the myeloblast Smee, 
morphologically, this cell closely resembles the large lymphocyte of 
acute lymphatic leukemia, it may be impossible to distinguish be- 
tween the two types of leukemia by the blood examination In general, 
the peroxydasc reaction (p 282) will serve to identify the myeloblast, 
but m some cases the cells arc so very immature that the test fails 
Id most cases it js best to be content wntb a diagnosis of “acute 
leukemia,” leaving the question of the precise nature open until cells 
of a more mature type are found Wlicn the case is of myelogenous 
onguj, a sufficient number of myeloq tes can usually be found to put 
one upon the right track Eosinophihc myelocytes would, of course, 
be espeaally significant 

*1110 accompanying anemia, which develops rapidly, is generally 
severe, the red cells sometimes falling to 1,000,000, and m some cases, 
when the leukocyte count is low, there may be difficulty m exdudmg 
pernicious anemia 

S. Chronic Lymphatic Leukemia — Ibe course of the disease 
extends over y eats, sometimes as many as ten An outstanding feature 
m most cases is a gcncralwed enlargement of the lymph nodes 

The leukocyte count is high but less so than in chronic myel« 
ieukcnsi's C<!unts ci iOO,€CO sre obout &isr3ge, hut !S 
exceptional cases may go as high as 1,000 000 Upon the other hand, 
the count may be much lower, even as low as 15,000 Very rarely the 
leukocytes do not exceed the normal, and the name ‘ aleukenuc 
leukemia” or ‘ leukopenic leukemia” may be applied In such cases 
the diagnosis must be based upon the clinical findings, and the differ- 
ential leukocyte count Lymphocytes constitute 90 to 98 per cent of 
the total number (Plate IX, Fig 1) As a rule, most of them resemble 
the small mature lymphocyte ^cen in normal blood, but large imma 
ture forms like those w the blood of duldren may be numerous in 
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some cases, while atypical fornw with deeply mdented nuclei are 
common Very frequently the lymphocj tes appear to be abnonnallj 
fragile, since many, even the majonty, maj be ruptured m thin 
films (Fig 153) During remissions, and sometimes near the end the 
leukoc> te count may fall below normal, but the percentage of lympho 
cytes remains high Occasionally a stray myelocyte is encountered 
The red cells and hemoglobin may stand at a high normal level 
for a long time, but sooner or later anemia develops, and, as a rule, 
IS very marked The color index is moderately low The red cells show 
the usual changes of a severe secondary anemia Er^ throblasts are 
seldom abundant Platelets are decreased m most cases 

4 Acute Lymphatic Leuhcmia. — This is rare, but is more 
frequently seen than is acute myelogenous leukemia, which it dosely 
resembles m its symptomatology and clinical course Even a study of 
the blood will not serve to distinguish the two m all cases, owing, as 
has been previously explained, to the dose morphologic similanty 
between the lymphoblast and the myeloblast In contrast to the 
chronic leukemias which are diseases of adult hfe, acute leukemia is 
most frequent m childhood and youth 

As in all forms of leukemia the number of leukocytes varies in 
diflerent cases, and fluctuates m the same case The count may 
exceed 100 000 m each cubic tmllimeter in some cases, while in others 
it never goes above 15,000 At times it may fall below 5000 (leuko 
penic leukemia) Large, unraature lymphotyles Oyniphoblasts) pre 
dominate m the great majonty of cases (Plate IX, Fig 1), although 
there 18 usually a sufficient percental of ordinary lymphocytes to 
prevent confusion mth acute myelogenous leukemia JIany of the 
Ijmphocytes, especially the large ones, are atypical, the form with 
lobulatcd nucleus (Riedet’s form) being especially frequent. 

Red cells fall rapidly, even to 1 000 000 in each cubic millimeter, 
and there is great loss of hemoglobm with usually a low color index. 
Normoblasts may be found 

In addition to the forms of leukemia that have been desenbed 
there are also some rare conditions, whidi are characterized by leuko- 
cytosis and which should be mentioned 

Sssy jj-od Eva.'jj ajwJ i?ihers tlescnbcd sj? ^iisiniyihihc leu- 
kemia In these cases there is evidence of stimulation of bone marrow 
as revealed by the marked leukocytosis, and the high percentage of 
eosinophils Intestinal parasites have never been foimd in these 

•H*y John, and Evans W H Acute nosinophilic Leulterrua and Eosmophilf 
rrythroleukemJa, Quart, Jour Med, 22 167-189 1929 
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cases, and this cause for the eosiiK^hHia is thus excluded The disease 
usually progresses with an increase m the number of eosinophils, an 
increase in the splenomegaly, and glandular enlargement This con 
dition may be considered as a myelogenous leukemia, with the pre 
dominance of a single, mature type of cell Eosmophibc leukemia is 
usually chronic, though an acute type of the disease has been reported 

Another rare disease, whidi is characterized by an abnormal 
increase in the number of Ieuko<ytes, is monocytic leukemia. Both 
acute and chronic forms ha\'e been reported There js a marked 
increase in the percentage of mono(ytes The names of Doan and 
Wiseroann' are acsoaated wth the studies on the monocytes, and 
especially with the study of this condition They expressed the 
opmion that the monoc^'te represents an mdependent entity, with a 
life c>cle and function which are distinct from those of other leuko- 
cj tes Watkins and Hall’ summarized the current opimons concerning 
two types of monocytic leukemia The Schilling type is a vanant of 
leukemic reticulo-endothcliosis m which there is a transformation of 
reticulo-endothelial cells into monoiytes On the other hand, it is 
probable that the so called Naegeli type of monocytic leukemia is a 
vanant of myelogenous leukemia These same authors* also have 
reported an mteresting case m which the blood picture changed from 
that of a typical myelogenous leukemia to one of monotytic leuk'te^na 
of the Naegeli type 

A condition to be differentiated from acute leukemia is infectious 
mononucleosis. This disease is undoubtedly the “glandular fever” 
whidi was desenbed by Pfeiffer^ in 1889 It appears m epidemics, 
often among school children or older students, and frequentl> affects 
persons ^ho live in the same house It usually appears m the fall 
winter, or spring months The climcal charactenstics are fever 
adenopathy, abdominal pain, splenomegaly, and leukocytosis m which 
there is a preponderance of mononuclear cells I.ongcope,* following 
the work of Cabot, Sprunt, and Evans, and others, studied 10 cases, 
and in his r^^ort m 1922 he used the terra “infectious mononucleosis ” 
Since then, this syndrome has become more generally recognized as a 

* Doan C. A., and Wsetnann, B K. The Monocyte, Ifonocytosi^ and Monocirtic 
Leukosis A Cbnica) and Pathological Stody, Ann Int. Med, # 383-416 (Oct) 1934 

* Watkms C H and Hall, B E Mono^tic Leukemia of the Naegeli and SchiUmg 
Types Amer Jour Clin Path /O 387-396 

* Hall B C , and Watkms C H Myelogenous Leukemia Changing to Monocytic 
Leukemia (report of a case) Amer Jour Chn Path / / 443-4S9 (May) 1941 

‘Pfeiffer Emil DrUsenfieber Jabrb ( Kinderh , 257-267 1839 

* Longcope W T Infectious Mononucleosis, Am- Jour Med So., JS4 78I-S03 
(Dec.), 1922 
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distinct entity Downey and McKinlay^ pointed out the charactenstics 
which distinguish acute lymphadenosis, as they called it, from acute 
lymphatic leukemia The leukocytosis is not so pronounced as id 
leukemia, but there may be from 20,000 to 40,000 IcukoQ'tes per 
cubic millimeter The \alue for the mononuclear cells may be 60 per 
cent or more, and may be as high as 99 per cent These may be oidi 
nary lymphocytes, or there may be many larger cells which ha\e 
deeply staining nuclei and a nongranular cytoplasm, ^hich are more 
or less filled wnth vacuoles, and which present a foamy appearance 
The leukocytosis persists only a few days, and the mononuclear cells 
gradually disappear Complications may arise, as in other acute infec 
tions but the disease is self limited, and is very seldom fatal An 
interesting confirmatory laboratory dngnostic procedure is the demon 
stration of a heterophile antibody m the blootl of a patient at the 
height of an attack of infectious mononucleosis (see p 755) The 
cause of this disease, which is apparently infectious, is unknown 

E Leitkopehia 

Leukopenia as a finding in ^ anous diseases is discussed on page 2JS 
There are somewhat rare conditions in vshich marked leukopema is 
considered a most grave prognostic sign 

s/f. Agranulocytosis — Schultz* described this condition, and 
stressed the septic sore throat uhich usually accompanies this disease 
The first cases were called ‘agranulocytic angina" There is fe%er, 
severe prostration and a marked reduction m the number of neutro- 
phils The relative lymphoiyte count is high, but there is absolute 
leukopenia In severe cases, the number of leukocytes may be less 
than 1000 per cubic raiUimeter and the granulocytes may almost 
entirely disappear The disease in this severe form is often fatal 
though many cases of recovery have been reported The condition 
has been classified as granulocytopema, or agranulocytosis Kastlm’ 
presented a very good review of the literature up to 1927, and it was 

‘ Downey Hal and ^IcKinhy C A Acute I ymphadenosia Compared with Acute 
Tymphattc Leukemia Arch Ini hfed JJ 82 112 (July) I9U These authon also 
thought that it should be differentiated from u highly infectious type of glandular fever 
occurring m children 

hfcKinlay C A Infect ous Mononucleosis Tart I Cl n cal Aspects, Jour An 
Med Assn , IO3 7(1 7M {Sept 7) 19t5 

Downey Hal and Stasney Joseph Infect ous Mononucleosis Part H Hematologic 
Stud es Jour Am Med A«sn lOS 764-768 (S^t 7) I93a 

•Schulte, Werner Ueber egenart ge Halserictankungen Deutsch med Wchnschr, 

Z 1493-1496 (Nov ) 1922 

• Kastlm G J Agranulocytic Angina Am. Jour Med ScIt 173 799-813 (June) 
1927 
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felt at that time that the disease probably was not a distinct clinical 
entitj, but rather the sign of a veiy so ere infection which also 
affected the bone marrow Since then, there have been many reports 
in the literature which indicate that the use of certain d ^^ i s a very 
probable etiologic factor m producing this effect m the bone marrow 
\\TiiIe the barbiturates have been mentioned, Kracke and Parker* 
in a review of the bterature, and also b> means of e^nmental work 
on rabbits, have presented arcumstantial evidence that m susceptible 
indiv iduals the disease may be produced by the use of certam benzene 
nng drugs Amidopyrine, occasionally acetphenctidin, and dinitro- 
phenol have been thus incnminated These investigators further pomt 
out the large number of cases which have occurred among people of 
the medical group, riurses doctors, and their families, who are prone 
to self medication with these drugs The agent which is directly 
responsible, according to their experimental work, would appear to be 
quinone, or perhaps p) rocatechm 

Bone marrow studies made by several hematologists indicated 
that m some cases of “malignant neutropenia” there was a proUfera 
tion of myeloblasts, a paucity of myelocjtes, and nearly a complete 
absence of segmented forms \Vhile hyperplasia was present there was 
apparently a defiaency of some speafic factor necessary for matura 
tion This type may be a distinct entity which should be distinguished 
from agranuioc>tosis with aplasia and from leukocytic degeneration 

2 Hypclcubocytic Angina — Rosenthal and K.ugel* have de- 
scribed a new form of severe leukopenia In this condition, which 
they called h>TX)leukocytic angina, the clinical syndrome is similar to 
that of agranulocytic angina There xs a decrease m the number of 
leukoc) tes, but there is a high percentage of nonsegmented neutrophils 
which reveal toxic granules 

F Hemorrhagic Diseases 

A marked tendency to hemorrhage from the mucous membranes 
and into the tissues and skin, with the formation of ecchymoses is a 
promment feature of a number of conditions In some the hemor 
rhagic tendency xs mamfcstly a sjouptom of a recognized disease In 
another group including purpura haemorrhagica, hemophilia, and 
melena neonatorum, the bleeding tendency appears to be the primary 
feature of the disease The immediate cause m both groups appears 

‘ Kracke, R. K and Parker, F P Tie Ft ology of Cianulopenja w th Particular 
Reference to Drugs Coaiain ng the Cenaene Rmg Am Jour Qm Pati^ 4 SaS-469 
(Nov) 1934 

*l?o^tbal Nathan and Kagcl 3L A. HypofcalocytiC Angrna, «a Unusual Form 
of lofectious Leukopeiua Jour Lab and Cbn Med^ /P 344-349 (Jan ) 1934 
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to be a disturbance of the dotting mechanism, whereby the coagula 
tion time is prolonged or the dot is imperfectly formed The causes 
underlying the defective dotting are not fully understood, but differ 
in the different diseases There may be (o) Deficiency in number of 
platelets, leading to the formation of a nonretractile dot as m pur 
pura haemorrhagica, aplastic anemia, and lymphatic leukemia, (6) 
alteration of their function, leading to defiaency of available pro- 
thrombin, as m bcmophiha, melena neonatorum, and aplastic anemia, 
(c) defiaency m amount of fibrinogen, as m arrhosis and some acute 
destructive diseases of the liver with hemorrhagic symptoms, (d) 
lack of available calaum, as in obstructive jaundice, in which the 
blood calcium appears to be bound by the bile pigment, or (c) excess 
of antithrombin, which may be a factor in hemorrhagic septicemia 
and other conditions 

A hemorrhagic tendency may also result from weakness of the 
small vessels and from emboU The Rumptl Leede phenomenon may 
mdicate weakness of small vessel walls Apply a tourniquet not too 
tightly about the upper arm In ten mmutes time multiple petechiae 
may appear below the constnclion in certain hemorrhagic iatheses 
If the small vessels are normal, there will be few or no muiute sub 
cutaneous hemorrhages 

Only the primary hemorrhagic diseases will be taken up m detail 

I Purpura Haemorrhagica —The most striking and significant 
feature is an enormous deaease in number of blood platelets The> 
range between 40,000 and 75 000 m each cubic millimeter m mild 
cases and are reduced to 15,000 or e\en 10 000 m severe cases The 
cause of the platelet loss is obscure and probably vanes m different 
cases Coagulation time is usually normal or nearly so, but the clot 
IS soft and lacks retractility (p 199) The bleeding tune is very much 
prolonged, generally an hour, sometimes longer, and furnishes a direct 
index of the tendency to bleed In some cases at least there may be 
abnormaUties m other coagulation factors and there is practically 
always toxic mjury of the capillary endothehum which makes these 
vessels very fragile 

The severe anemia which develops is due to the loss of blood and 
differs from ordinary posthemorrhagic anemia chiefly m the number 
of platelets, which is increased m the latter condition Ixx general 
there is slight or moderate neutrophilic leukocytosis 

3. Hemophilia (Bleeder’s Disease) — This is an mteresting ser 
linked hereditary tendency to hemorrhage confined to males but 
transmitted by females who do not themselves show any tendency to 
abnormal bleeding There are, however, many cases in which hered 
Italy transmission cannot be established The cause of the disease is 
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apparently a congenital abnormality of the blood platelets which are 
normal m number, but ph>’siologjcally defective ‘ 

Howell and Celada* showed that the platelets are more resistant 
than normal, and, contrary to the opinion formerly held there is no 
change in the quantity or quality of the prothrombin iVevertheless 
the so-called “prothrombin time ‘ is fi\e to twenty five times the 
normal This may be due to the slowness with which throraboplastm 
IS liberated from the platelets The coagulation time, when blood is 
taken from a \ein, is about fi\e to fifteen limes the normal that is, 
from one to fi\e hours or longer WTicn blood is secured from a skm 
puncture the coagulation accelerating substances of the tissue juice 
may reduce the coagulation time neatly or quite to normal When 
once formed, the clot is firm and has normal retractile power The 
bleeding time by Duke’s method ^ 204) is usually normal, which at 
first sight seems inconsistent with the well known tendency of hemo- 
philiacs to bleed from wounds The difference apparently lies m the 
opportunity for admixture with tissue juice, whici is relatively less in 
the case of large wounds or wounds of the mucous membranes 
Quick* stated that in a true case of hemophilia the prothrombm 
tune by his method (p 201) should be practically normal Centnfuga 
tion of samples of oxalated blood at both high and low speeds yields 
plasma which differs in coagulation time on recalofication The 
Kumpel Leede phenomenon (p 324) should not be pronounced 
3. Melcna Neonatorum —The condition is not well under 
stood In some cases, at least, the platelets have not been reduced 
and the bleeding time has been only slightly prolonged but pro- 
thrombin time and coagulation time ha\’e been delayed 

Qutck’s* clasnjicalton of hemorrhagtc dtztasts due to defects tn the 
coaguJatton tnechamsm of the blood 

I Diminished prothrombin (prothrombinopenia) 

(X) Lace or VriASits K 

(a) Dietary ongin — absence of bacteria in intestines (!) hemor 
rhagic disMse of the newborn 

(b) Faulty absorption — ^lack of bile salts, fl) obstructive jaun 
dice (2) biLaiy fistula (3) sprue 

* Sfinot, G R., and Lee R, L Tie Blood Katelets ui Hemoptula, Arch. lat Jfed, 
«47^9a(Oct.) 1916 

•Howell \V H., and Cebada, H B The C^use of the Debyed Clotting of Hemo- 
philic Blood, Am Jour PhysioL, SOO-SII (\oy) W’d 

•Quick, A. J Tlie Diagnosis of HemopfuLa Amer Jour Afed So. 469-47-1 
(Apr) IWl 

*Quick,A.J A of Hmorrhapc Diseases Due to Defects in the Coaru 

Udoa SlecLanism of the Blood. Amer Jour Ued. So. 199 llS-t32 G*^.) 1940 
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(£) LivEt Damage— Faulty Umuzatiov or Vitamin K. 

(а) Post anesthesia liver damage 

(б) Chloroform poisoning 
(c) Acute yellow atrophy 

(O Toxins 

(a) Toxic sweet clover disease of cattle 

II Changes la conceatration of calcium In blood (No clinical or experi 
mental hemorrhagic contlilions known which are attributable to 
changes of the calcium concentration ) 

III Deficiency of thromboplastin (thromboplastmopema) 

(/I) DartMsncD Nouher of Platelets 

(a) Thrombocytopenia (this disease is best classified under 
“defective vascular response ^ smce the vascular dysfunc 
tion predominates) 

(JB) Increased Resistance of Platelets 
(a) Hemophilia 

IV Decreased fibrinogen (fibnnogenopenia) 

(.4) Acquired PiBRiNocENOPEmA 
(a) Nutritional deficienoes 
(() Diseases of blood forming organs 

(c) Severe liver damage 

(d) Snake bites (Bbck snake of Australia) 

(B) Congenital 
V Anticoagulants in the blood 

(A) Liberation of Heparin into the Blood 
(a) Peptone shock 
(t) Anaphylactic shock 

Quick, using this classification and the Morawitz theory for coag 
ulation, stated that a prolonged coagulation time by the Lee and 

jy.'hUj .wfAlisv? may he A.\f pm*.b.e5v’mhic\ JdimmhqDlastin 

or the presence m the blood of an anticoagulant sudi as bepann 
Fibnnogen is present if the blood ultimately clots 

G Diseases Doe to Blood Parasites 
The discussion of bacteria that may be found in the blood is 
included in the chapter on Bacteriologic Methods Five of the anuna 
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parasites, which have been found in the blood, are of clinical interest 
These are (1) BorreUa recurrenlts, the spirochete of relapsing fever, 
(2) trypanosomes, (3) the parasites of malaria, (4) 61anal larvae, and 
(5) larvae of Trtchindla sptrahs These parasites are descnbed m the 
chapter on Animal Parasites 

xm MISCELLANEOUS METHODS 

Fragility of Red Corpuscles (Resistance to Hypotomc Salt 
Solution) — ^Destruction of red corpuscles goes on continually within 
the body In certain pathologic additions this destruction is greatly 
accelerated, leading usually to anemia, and it is then of great practical 
interest to ascertain whether the excessive hcmolj sis is referable chiefly 
to increased fragility of the red cells, as is typically the case in hemo 
l>tic jaundice, or to an excessively toxic hemolytic agent acting upon 
red cells of comparatively normal resisting power, as is usuxl in per 
niaous anemia The resistance of the red cells can be measured b\ 
subjecting tliem to the action of vanous harmful agents In chnica) 
work hypotonic salt solution is generally used 

Method of Sanford — 1 Prepare a stock solution containing 0 5 Gro 
chemically pure and freshlj dried sodium chloride in 100 c c of distilled 
water Weigh on a delicate balance and measure in a \olumetnc flask 

2 Arrange a senes of 12 small test tubes in a rack and number them 
25, 24, 23, 22, 21, 20, 19, 18, t7, 16, 15. and 14 

3 With a capillary pipet place in each tube the number of drops of 
the stock 0 5 per cent salt solution indicated by the number on the tube 
To insure equality in sue of drops the pipct must always be held at the 
same angle 

4 W ith the same pipet add to each tube the number of drops of dis- 
tilled water requued to bring the volume m each tube to 25 drops Mu 
well The percentage strength of the salt in any tube may then be found 
by multiplying its number bv 0 02 

5 Obtain 1 or 1 5 cc of the patient's blood from a vein with a small 
stenle syTingie and No 21 needle^ and immediately expel 1 drop mto 

each of the tubes Mix by inverting (Fig 167) 

If some tune must elapse before the blood can be added, it may be 
mixed with atrated salt solution and the corpuscles washed with 0 7 per 
cent salt solution before use In this case make a 50 per cent suspension 
of the cells and add 1 drop to each c4 the tubes m the rack 

6 Prepare a similar set of tubes, using the blood of a normal person 
as a control Ths should not be omitted The normal control serves as a 
test of the accuracy of the salt solution, and at the same time gives a defimte 
standard for the interpretation of dight changes in fragibtv 

7 Let the tubes stand two hours at room temperature At the end of 
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that time the corpuscles will have settled to the bottom and hemolysis 
maj be recognized by the color of the supernatant fluid Faintly pink if 
hemolysis is partial ( ‘initial hemolysis ), red, with little or no sediment, 
if it IS complete 

With normal blood, hemolysis usually begins m the tube contaimng 
0 44 or 0 42 per cent salt solution and is complete in that containing 0 34 
per cent ^Vhen a control is used a variation of 0 02 or 0 04 may be con 
sidered quite definite Sanford found the average figures for mitul and 
complete hemolj'Sis m 23 cases of hemolytic jaundice to be 0 478 and i) 413 
respectively, m chrome obstructive jaundice, 0 396 and 0 31 In secondary 
and permaous anemia the figures vary only shgbtly from the normal with 
a tendency to slight increase of resistance In purpura resistance is norma! 

2 ^'lScoslty — It IS evident that variations m the viscosity of the 
blood must markcdlj influence the load earned bj the heart but 



F7g 167 — Set up for fragibty tE$t adding the blood 


Viscosity estimations have proved of comparatively little value The 
greatest field would seem to be m suggesting need for treatment when 
high viscosity is throwing an excessive burden upon an already 
weakened heart 

Compared with distilled water, the normal viscosity is about 4 a 
It IS reduced in pnmary and secondary anemia (roughly proportional 
to the grade of anemia), nephritis, cardiac lesions with edema and 
usually m leukemia and malana It is increased in polycythemia 
diabetes mellitus icterus, and usually in pneumonia Profuse sweating 
without an opportunity to replace the water lost appears to raise 
viscosity by about 25 to 30 per cent Measurement of viscosity is 
comparatively simple if one has a suitable instrument The Hess 
instrument is one of the best and is accompanied by directions for 
use (Fig 168) 
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v-^Sedimentat/on Speed of Red Corpuscles — ^An increased 
tendency to sedimentation of red corpuscles m sbed blood m certam 
pathologic conditions, particularly inflammation, has long been recog 
nizcd as an mterosting phenomenon explaining the well Inown “buff) 
coat” of coagulated blood Within the last few jears, following dhe 
work of Fahraeus, and others, with blood which has been rendered 
noncoagulable by hepann, atrate, or oxalate, the rate of sedimentation 
has been acti\ely studied and applied dimcally 

It has been found that the corpuscles settle more rapidly m the 
blood of women than of men, and \cry much more rapicll) in preg 
nanc) after the third or fourth month Increased speed of sedimenta 
tion also seen m tuberculosis, where it 
increases wath the activity of the disease, in 
cancer, where it more or less closel) parallels 
the degree of malignancy, and in localized 
acute mflaramatjons, where the rate appears 
to increase with the leukoc> te count 

The cause of the phenomenon is not clear 
It is apparently connected with the ratio of 
albumin, globulin, and fibrinogen m the 
plasma, or with the concentration of cholcs 
terol Yardumian* reported on the phjsico 
chemical factors influencing the sedimentation 
rate and concluded that U is inconceivable 
that a phenomenon influenced b> manj van 
able factors'should be of appreciable diag 
nostic and prognostic value 

Since a vancty of methods have been 
used the figures of different workers are 
not comparable Some record the time re ^^iswameur * 
quired for the corpuscles to settle to an 

arbitrarily fixed point Others note the height of the corpuscular 
la)er after the blood has stood for a definite time, or make 
several readings at stated intervals and plot a curve The height 
of the column of blood is an important factor as is also the size 
of the bore of the sedimentation tube It is very important that 
the tube be kept as vertical as possible, as a sbght mclmation hastens 
sedimentation Temperature aZ^ affects the rate, the optimum being 
between 22® and 27® C It has been demonstrated repeatedl) that the 
concentration of the erythrocytes m the blood is a very important 

* Yardumian, K Pbysicochtmical Facton InBuenosg the Red Cell Sedimenlatcon 
Rate, Am. Jour Clm Path., 7 lOS-lW (Ma* ) 1937 
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factor m the sedimentation rate, and a corrected estimation should 
be made m anemia Wmtrobe and Landsberg* have made a critical 
review of sedimentation methods, have mvestigated the factors 
affecting the rate, and have developed a simple, satisfactory method 

'■^etennination of Sedimentation Rate (Wmtrobe and Landsberg 
Method) — ^This method requires a special hematocrit tube, whidi is illus- 
trated m Fig 169 This tube i s I !0 mm long, has a vmiozm bore of 3 mra , 
and has a fiat bottom It is graduated on one side from 0 to 10 cm is 
1 mm divisions with white numerats and on the other side it is graduated 
from 10 cm to 0 in 1 mm divisions with red numerals The only reageni 
is the anticoagulant, which is a mixture of dry ammonium oxalate and 
potassium oxalate (6 mg of the former and 4 mg of the latter for^ ?ach 
5 c c of blood) The tubes m wbidi the blood is to be placed may be pre 
pared in advance by placing m them the proper amount of the oxalates m 
solution, and then evaporating the water by placing 
!? the tubes in a hot air oven 

Method — 1 Withdraw 5 cc of venous blood in 
1 a dry synnge and place m a tube or bottle containing 

U the aoUcoagulaot described above 

^ 2 \\ ilh a capillary pipet, fill a \\ intiobe hcmatxnt 

tube to the 10 cm mark 

t 3 Place the filled tube m an exactly verbal 

position, at room temperature, and observe the point 
^ on the mm scale to which the corpuscles fall dunng 

r, exactly one hour 

4 CentnfugaUse the tube until packmg of eryth 
rocytes is complete, then read the volume of packed 
fig lOO—- Wmtrobe erythrocytes 

hematocrit tube 5 Correct the rate accordmg to the volume of cells 

by referring to the chart for correction (Fig 170) 

Fmd the horizontal Une which represents the sedimentation in miUim 
eters for one hour Follow this across the chart until it intersects the vertical 
line which represents the blood cells volume per cent Follow the nearest 
curved line until it intersects the heavy line at 42 c c per 100 c c., if the 
patient is a n oman or the line at 47 per cent if the patient is a man Then 
at the point of intersection, read the value on the horizontal line for the 
corrected sedimentation rate The normal average sedimentation m one 
hour bj this method is 3 7 mm for healthy men, and 9 6 mm for women 
with a maximal range from 0 to 9 for men, and 0 to 20 mm fof 
women 

The normal figures given here are not to be correlated with those which 
have been obtained with other methods 

‘ W latrobc, M and LandsbeiR J W A Standardized Technique for the 

SedimenlationTeet Am Jour Med. So , ZW 102-115 Uan ) 15^ 
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Westergrea Method — ^Because of its simpliaty the Westergren^ method 
IS widely used, and the following technic has been found to be satisfactory 
Theo/>/>arflhiSTequiiedisa'WesteTgieiitube, andraciL(rig 171) It is also 
convement to use a tube vrith a maik indicating See This may be a 
graduated centrifuge tube, or a jJain test tube with a mark etched on it 
at the 5 c-c. lev el T he only reageMl is a 3 8 per cent solutioi ^Qf . sodiu m 
citrate 

Method — 1 Transfer with a graduated pipet exactl> 0 5 c c of the ^ 8 
per cent solution of sodium citrate t o a tube with the mark at the S c c level 



17Q Chart for cottecUng sedimcntabon rate for vsnations resulting from 

differences m the concentration of red corpuscles as measured by volume of 
cells The loganlbnue curve on rrhich tie chart u based is heavily oulined Tic mean 
normal volume of packed red ceUs for men (47 c c.) and for xfomen (42 c c ) is also heavCy 
outlined and the range of normal sedunecUUOD ts represented by «obd and open columns 
for each «ct respectively (Wintrobe and Landsbcig, in Ala- Jour Med Sa January, 
1935, Lea and L eb ger, Tubbshers ) 


2 W ithdraw See of > enous blood m a dry synnge, and place exactly 
4 5 cc of It m the tube conlammg the anticoagulant The tube, now filled 
to the 5 cc mark, is inverted two or three tunes to mrc thoroughly the 
anticoagulant uith the blood 

3 Fill a W estergren tube exactly to the 0 mark and place it in the rack 
The bottom of the tube must be pressed Grmlj against the rubber stopper 
in the base of the rack before removing the finger from the top of the tube 

iWcstejgrcn, Alf Stadirs of the SaspcBSon SubOity of lie Blood in Pulmonary 
Tuber^osis, AcU med. Scand-, 247>2^ t921 
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The tube must be held finnly by the dip at the top of the rack m an exactly 
mtical position Tlie rack is constructed to hold twelve or more tubes 
4 Read the fall of the corpuscles in millimeters m exactly sixty minutes 
It may be of mterest also to note the fall m thirty minutes 

With this method the normal sedimentation rate of men’s erythrocytes 
IS , () to tSjnm m one hour The rate for healthy women js 0 to 20 mm 
m one hour 

It would seem best to report the results by any method merely as 
Normal, ’ ‘ Fast,” or “Very I^ast ” 

4 Blood and Plasma Volume — There have been many methods 
devised for the estimation of the total blood volume The dassical 



Tig 171 — Wtsleigren rack and tubes. 


expenments of Wekker giving one thirteenth of the body n eight as 
the traditional figure for blood \oluroe cannot, of course, be applied 
dinically It also seems that this figure is too low, and that the newer 
dye me^ods would indicate that the value is more nearly one eleventh 
of the body weight The range m normal subjects is from 72 to 100 
c c of blood and from 43 to 59 c c of plasma for each kilogram of 
body weight 

Method for the DetenmnatioD of Plasma and Blood Volume ' A 
known amount of slowly excrelablc d)"© is injected into an unknown amount 

* Keith N M , Rowntree L C , and Geraghty, J T A Method for the 
mination of Plasma and Blood Volume Arch lot- Med ftf 547-576 (Oct ) 1915 
tree, L. G , and Dronm G E The Volntneirf thi* ninod and P l?i«m.i in Health and Disease 
Philadelphia W B Saunders Q) , 1929, 219 pp. 
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of fluid and its dilution determmed It is estimated that there is appron 
mately 50 c c of plasma for eadi IJogram of body weight. Therefore by 
multiplying 50 c c by the number of kilograms of the patient’s body weight 
the theoretic plasma volume is first determined By dmdmg this theoretic 
volume by 200 (a factor determined by experiment) the number of cubic 
centimeters of the solution of the dye to be injected is determined 

Materials and Stock Solutions Used — 1 Dissolve 37S mg of biologically 
tested Congo red m 25 c c of fresh, triple distilled water Heat to boding 
to sterilize and cool rapidly before injecting This makes a 1 5 per cent 
Solution Although Congo red is usually nontoxic, every fresh bottle should 
be tested by mjectmg a solution of the dye mtravenously into a dog If the 
solution is toxic It should, of course, be discarded 

2 Use a calibrated Record synnge Sterilize by boiling for ten mmutes 
m distilled water, wap the barrel and plunger in a sterile towel and dry 
IB a hot air oven which has been heated to 110° C , but m which the heat 
Las been turned off Such syringes may be prepared in advance and kept 
wrapped m sterile towels Stenhze needles by placing them in small stop- 
pered test tubes and baking m a hot air oven at 180“ C 

3 Prepare a solution of 1 1 per cent sodium oxalate as an anticoagulant ‘ 

4 Pot each test use four IS c c cahbrated centrifuge tubes or, pref 
erably the volume index tubes described on page 231 

Procedure — 1 In each of the four centrifuge tubes place exactly 1 cc 
of 1 i per cent sodium oxalate solution, measured with alee pipet 

2 Weigh the patient and calculate the number of cubic centimeters of 
dye to be injected by using tie formula 

^ m kg Qf cubic (^ntimeters to be injected 

200 

3 Insert a needle m the vein of one arm and take at least 10 c c of 
blood m the usual manner for vempuncture Place exactly 5 c c of blood 
m each of two centrifuge tubes containing 1 cc of oxalate solution, for 
standard plasma color \\ lUiout removmg the needle from the vem, change 
syringes and mject the proper amount of dye with a sterile, cahbrated 
Record syringe 

4 In three mmutes withdraw 10 cc of blood from the opposite arm, 
a cJ^n, diy syxuhge^f andplacc exactly 5 cc in each of two remaming 

centnfuge tubes 

5 Centnfugalize all four tubes for thirty mmutes m a high speed 
centnfuge (2500-3000 revolutions per mmute), take the hematoent reading 
and calculate the ratio of red blood cell volume to total volume For example, 
if the red blood cell volume equals 2 c c , the ratio equals two fifths or 40 
per cent 

iThe strength of the sodium oxxlste solution was ongmally 1 6 per cent It has 
been found however that 1 1 per cent oxalate solutions are more nearly isotomc Sec 
Graff Samuel and Clarke H. T Determination of Plasma tolumc Arch, Int Afed,, 
4S SOS-820 (Nov ), 1931 
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6 Prepare the standard and unknown for colonmetnc comparison 
(o) To prepare the standard mix 2 c c of plasma ’mthont dye, 2 c t. 
of 1/200 dilution of the same Congo red that has been used for injection, and 
4 C.C of physiologic sodium chloride solution (0 85 per cent) 

(5) To prepare the unknown plasma, mix 2 c c of plasma containing 
the injected dye, and 6 cc of physwlo^ sodium chloride solution Set 
the colorimeter cup containing standard at 10 and compare (i) with (a) 
Calculation — 1 Calculate the total amount of oralated plasma by 
subtracting the number of cubic centimeters of erythrocytes from 6, or 
from the exact readmg of the meniscua level Determine a factor for the 
correction of the dilution by the oxalate solution by subtracUng 1 (the 
quantity of the oxalate solution) from the total quantity of oxalated plasm 
and then dividing the resultmg number by the total number of cubic 
centuneters of oxalated plasma Tor example, if the erythrocyte volume 
equals 2 c c , and the meniscus level equals 6 c c , then 6 minus 2 equals 
4 c c , the total amount of oxalated plasma, and 4 c c mmus 1 c c equals 
3 c c Thus the dilution factor is three fourths or 0 75 

2 Determme the percentage of the unknown expressed m per cent of 
the standard by dividing the readmg of the standard, 10, by the readmg of 
the unknown 

3 Determine the plasma percentage by subtracting the erythrocyte per 
cent from 100 

4 romuia 

Number of cubic centimeters of dye injected X 200 X 100 X dilution factor 
Per cent of unknown expressed m per cent of standard 
» total plasma volume m cubic centimeters 


Total plasma volume X 100 


Plasma per cent 


whole blood volume m cubic centimeters 


Divide the total plasma volume, and also the whole blood volume by 
the patient’s weight m kilograms to detenmne the plasma volume for each 
kilogram and the whole blood volume for each kilogram 

It should be stated that in amyloidosis Congo red rapidly disappears 
from the blood In fact, the rapid disappearance from the blood makes 
tlie abo% e technic for the mjection of this dye also usable for a valuable test 
for the diagnosis of amyloid disease In this condition 90 per cent of the 
dye injected will be gone from the blood in one hour m comparison to the 
15 per cent that is ordinarily removed 

Thmuz lot hmyioi&osis — ^ aunz' has so mo&ihei ixit ^.ongo 
test that it becomes a simple quahtative test for the diagnosis of amyl 
oidosis JIake a 0 6 per cent solution of Congo red (Gnlbler) and sterdiae 
by boding Inject mtravenously 10 c c for each 50 Kg of body weight. 


' Pauni; L D agnosis of Amyloidosis ty Means of Congo Red. Magyar Oned 
trchivum 25 448-456 1924 Chem. Ahs 19 1009 fMar ) 1925 Nimeth, L. Ueber den 
khmscheo Wert des Nachweises der Amybidose durch die Kongorotprobe Kbn 
Wchnsebr., S 1040-1041 Cune 4) 1926 
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or use the propoitioDate dose of the per cent solution which is used in 
the blood volume test At the end of one hour withdraw the blood, cen 
tnfugalize, and remove the serum Add a few drops of hydrochloric aad 
and note the color The presence of Congo red in the serum is shown by a 
bluish colormg of the coagulated proteins This is the normal negative 
reaction IJ there is no bhitsh cojor after the addition of hydrochloric acid the 
lest ts postUte for amylotdosts 

XrV TEE BLOOD GROUPS 

Untoward results which sometimes follow transfusion of blood are 
now known to be due m most instances to hemolysis or agglutination 
of either the donor’s or reapient’s blood corpuscles or both By a 
simple test, it is possible to ascertain whether the blood of any indi 
vndual is suitable in this respect for transfusion mto the veins of a 
given patient This is known as “matching bloods,” and it should 
always be done when transfusion is contemplated The two factors to 
be considered are hexnolj'sis and agglutmation, but smce hemolysis 
does not occur without agglutination, it is suffiacnt m practice to test 
for agglutination only However, it diould be kept in jnmd that 
hemolysis may mask agglutination and ilead to error Blood matching 
15 also important in selecting donors for skin grafts 

There are two factors involved in isohemagglutination, an agglu 
tmin m the plasma and an agglutinogen m the corpuscles which 
renders them agglutmable It is an interesluig fact that m respect to 
the pre«ence or absence of these, every adult falls mto one of several 
definite groups Tor many years four groups designated for con 
v'cmence, I, II, IH, and IV, have been recognized To explain this 
groupmg It is necessary to assume the existence of two separate agglu 
tinms o and b, and the corresponding agglutinogens, A and B A blood 
with a giv en agglutinin will a^lutioate corpuscles which con^tam the 
correspondmg ag^uUnogen, and wiU not affect other corpuscles The 
four groups and their interrelationships are well shown by the simple 
chart devised by Sanford (Fig 172) The figures there set down for 
the percentage of individuals m the different groups are those of 
Moss and are only approximately correct There are probably more 
group B lndJ\^duals Aan group AB They vary somewhat with 
different races ‘ 

While all mdmduab can be placed m one of the four groups it 
has been shown by a number of observers that there are subgroups 

‘Hirsctfeld !», and Hmcbfeld H Sctological Differences Between the Blood of 
Different Races, Inncet, 2 67S-6T9 (Oct ) W19 OUenberg Reuben A ClassiScation 
of Human Races Based on Geograi^uc Distribution of the Blood Groups, Jour Am. 
Sfed. Assn. S4 1395-1395 (May) 1925 
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also, evidenced by the fact that occasionally blood is found with an 
agglutinin in its scrum that acts on the corpuscles of the blood of 
certain individuals that are really in the same group. It has now 
been definitely established that group A can be subdivided into 
group Ai or group Aj, and also group AB may be subdivided into 
AjB and AjB. tVTiile subgroups are interesting and may be used very 
rarely in medicolegal cases, there is probably not as much importance 
to be attached to the determining of subgroups as formerly was 
thought Wiener, Oremland, Hyman and Samwid^.’ stated that prob- 



Hg 172 — Diagram showing the interrelaliOD of the four iso-sgglutloation groups 
The seruBi of any group will agglutinate the corpuscles of those groups toward wtucb its 
arrows point Thus, serum of an Individual belonging to Croup O will agglotuute ^ 
corpuscles belonging to any other group while the serum of Croup AB lacks agglutuiaiurg 
power Several subgroups have be«a discovered The percentages are only approzmiaUly 
correct Some studies give more B than AB individuals. ^ 


ably no case has yet been reported in which the transfusion of blood 
from a group Ai individual into an A* patient, or %'ice versa, has 
proved to be responsible for a severe or fatal hemolytic reaction For 
tia TOt'ibsyis vA is tcfcsC'i la co. 

article by Davidsohn * 

* Wiener, A. S , Oremland, B H , Hyman, M A , and SamwicL, A. A.' Tninsfiiaoo 
Reactions, Eitpenences with More Than Three Thousand Blood Tranafusloas. Amer 
Jour Clm Path II 102-121 (Feb), IMl. 

* Davidsohn, Israel A hlethod for Recognition of Blood Subgroups Ai and * 
Means of Avoiding Transfusion Reactions. Jour. Am Med. Assn. H2 713-718 (Feu 
23), 1939. 
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The nomenclature of the four standard groups which is followed a this 
book IS that of Landsteiner Janskj’s s>^tem, which tnlerchanges Moss 
Groups I and ZV, was at one time approved on grounds of pnontj bv a 
joint committee of the Amencan Association of Immunologists the Soaetv 
of Amencan Bactenologists, and the Association of Pathologists and 
Bactenologists The hloss s>^tem was however, adopted by the Amencan 
SocieU of Clmical Pathologists The use of two systems side by side would 
be deplorable It now seems best to name the groups by their agglutinogens 
AB, A, B, and 0 for the Moss groups I, II, III and IV, respectis’ely, u-mg 
the terms proposed by Landstemer, the diaioverer of blood groups 

The group to which an individual belongs is an inherited characteristic 
which appears to follow Mendel s law The corpuscles show the group char 
actensUc as a rule well developed at birth, except for subgroups Ai and AjB 
m which the agglutinogens At may be weak at birth and may be difficult 
to detect 

Grouping may in some cases be uliliaed medicolegaUy The theory, 
adranccd by Bemstem is that blood groups are mhented as a senes of three 
allelomorphs Two dominants A and B, and a recessive 0, are considered 
as the basis of the four groups According to this theory paternity cannot 
be prosed, but the unpossibiLty of bemg the parent of a child in question 
might be established in some instances ' This point is discussed more fully 
on f»ge 342 

It IS generally held that an mdividual s grouping neN'er changes A few 
apparent exceptions to the rule have been reported, mostly among persons 
who have successfully withstood acute infections or among anemic patients 
who ha\e recently been transfused In most such cases errors m technic 
have been responsible, usually owing to weak typing serums In some 
instances an agglutuun which had formerly been too weak for detection 
by the usual test became much stronger, thus causing an apparent change 
of group if only the agglutinating power of the serum was studied 

An indi>ndiials serum may be capable of agglutinating his own cor 
puscles when cooled m the ice-^x or occasionally e\ en at room temperature 
This power is absent at body temperature The auto-agglutmm is qmte 
distinct from the iso-agglutmms They belong to a group of so-called cold 
agglutinins which clump erythrocytes regardless of their blood group at low 
temperatures 


The disco\ eiy that S5 per cent of individuals iiad m theix coipu^es agglutinogens 
for serum of laboratory immunized against the corpuscles of tbe rhesus monkey 

and that 15 per cent of individuals did not have this factor in their corpuscles baa brought 
about very interesting speculations regarding tbe cause of some of the unexplained reac 
tions that have occurred in transfusions vnth donors of apparently tbe proper group This 
subject mil be discussed further on pages 345-346 


’ Curreat Comment Blood Tests for Patenaty Jour Am. Med. Assn., S7 1834 
(Nov 27) 1926. Bernstein F Ztschr f Indukt. Abstammungs* und VererbungsL 
J7 237 1923 
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\Vlien transfusion is undertaken, the blood should be secured from 
an individual belonging to the same group as the patient If such a 
donor cannot be found, as may easily happen if the patient belongs 
to either of the small groups, AB or B, blood of Group 0 may in 
emergencies be used for patients of any of the four groups, proved 
that serum of the patient does not asgluhnale the corpuscles of the donor, 
and that the blood be introduced xery sUmly The reason for this is found 
in the fact that although the donor’s blood has the power of agglu 
tmating the reapient’s corpuscles m a test tube or on a shde, >et in 
actual transfusion, slowly earned out, the blood nhich is introduced 
miies at once with the recipient’s blood and is so grcatl} diluted that 
its power to injure the recipient’s corpuscles is greatly reduced, if not 
completely lost If, upon the other hand, blood of Groups AB, A, or 
B be used for a Group O patient, the introduced corpuscles are sub- 
jected to practically the full strength of the patient’s blood, and all 
are agglutinated or bemolyzed with disastrous results for the patient 
HQwe\cr, a patient of group AB may receive blood of any group 
provided that the same precautions are observ ed \Vhen transfusion 
of patients with abnormally fragile red corpuscles*— as m hemolytic 
jaundice — is undertaken, use of a donor of the same group is obligator) , 
and, moreover, the donor s blood should be matched directly with the 
patient s before each transfusion 

Teehfiie of Blood Matching— 1 Obtain the following from each of the 
two persons whose blood is to be matched 

(а) Red cell Suspension —Puncture finger or ear, and let a large drop of 
blood fall directly into a small test tube containing 1 c c of a 1 per cent 
solution of sodium atrate in 0 85 per cent salt solution ilix gently bj 
mverting a few times 

( б ) Serum — Obtain a few drops of blood m a small tube or L)on capsule 
(Fig 303, p 638 ) As soon as coagulation has taken place, gently loosen 
the clot from the wall of the tube Let stand until serum has separated 
well Separation 0 ! serum can be hastened by centrifugation 

2 Mai e vaselm rings on two sbdes, or use a cover slip on a hanging 
drop slide In one mix t large drop each of the patient’s serum and the 
suspension of the donor s corpuscles, m the other mu 1 large drop each of 
the patient’s corpuscles and the donor’s serum Label the slides vnth a 
was penrilL 

3 Keep the slides at room temperature and every few minutes remw 
corpuscles and serum by tilting the slide 

4 At intervals examine for agglutination of ted corpuscles with a 
low power objective When agglutination takes place the corpuscles gather 
mto dense irregular clumps (Fig 173) These are nearly alwa>s so large 
as to be seen with the unaided eye as bnck red granules best vaened over 



THE BLOOD GROUI^ 


339 


a sheet of white paper; whea clumpli^ ts not seen with the unaided eye, 
the result should be checked with the low-power objective of the microscope. 
Clumping is usually well marked within a few minutes, but it is safe to allow 
twenty minutes. If it does not occur within this time, it will not occur at all. 

Sources of Error . — Axi important source of error is rouleau formation, 
which may or may not occur. Although the dumps are usually ^'erj' small, 
this is not alwaj’S easy to differentiate udthout dose observation with the 
4 mm. objective. In the case of rouleau formation the corpusdes can be 
seen to lie in rows within the groups (Rg. 89). Frequent renaking of the 
corpusdes and scrum, as abov’e directed, tends to braik up rouleau and to 



A B 


Ftg — ^Statchug bloods for (taasfusioo A. Cojpusdes of a psUent iridt serum 
of a prospective donor, no agglutinatioo B, Serum of patient with corpusdes of prospccU%c 
donor, strong aggluUsatioo. The blood of the donor is therefore unsuited for use in this 
case fpbotogTaph^ X JOO) 

/aturaggfattnaCton. n?iea m daab^ ifihrCa^ serum wfei an eqtci? ssan^carf 
of pbi-siologic salt solution eliminates rouleaux formation, whereas clumping 
wiU be unaffected. 

A still more important source of error lies in the fact that sera differ in 
thdr agglulinadng titer and the same individual’s serum may varj* from 
time to time. Occasionally the agglutinating power may be so low as to 
result in a false negative reading. \Micn results are In doubt the lest should 
be repeated with two or titree times the usual amount of serum Espedal 
care must be exercised in matching the blood of children because the group 
characteristics may not >et be fully devdoped. Occasionally because of the 
weak Aj agglutinogens found in group AtB, if additional care is not taken 
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by testing the patient’s serum wjfli the corpuscles of groups A and B, the 
individual may be wrongly placed m group B 

To Determine the Group to Which an Individual Belongs — ^This is 
called blood typing As has been indicated above, it is sufEcient m a given 
case to lest the blood of a senes of prospective donors until one is found 
which matches the patient’s blood and such direct matching is obligatory 
m certam cases In general ft is preferable and it will be found much more 
convenient to determme in advance the grouping of a number of individuals 
who may be willing to serve as donors upon occasion ^Vhen an eme^ency 
arises, it is then only necessary to find the group to which the patient 
belongs in order to know at once the appropriate donor, a procedure which 
does not require more than fifteen minutes but even here there should be 
a direct test of the donoi 's corpuscles against the patient’s serum before the 
transfusion is done Emplovment of the grouping and of the direct matching 
will help to eliminate errors 

The group to which an individual belongs is easily ascertamed by testing 
his serum and corpuscles against the corpuscles and «erum of an individual 
known to belong to Group A or B, usmg the simple method described above 
Interpretation of results is made cleat by Fig 172 If, for example, the 
unknown blood agglutinates Group A blo^ and 15 not agglutinated by it, 
then the unknown must belong to Group O 

The same end may be accomplished by testing the corpuscles of the 
unknown against sera of both Groups A and B As practiced by Vincent 
a drop of each of the sera is placed on a sbde, one at each end and a drop 
of the suspension of unknown corpuscles or a loopful of the whole blood 
obtained directly from a skin puncture is mwed with each Here also refer 
cnce to Fig 172 will make the interpretation clear Agglutmatmg ^ra if 
kept sterile will remain active for months and mav be kept on hand m 
small glass capsules (Fig 3o2) the ends of which are to be sealed in the flame 
The serums used for typing must have a sufficiently high titer of agglutinins 
to detect the weakly reacting corpuscles of subgroups A* and AjB It is 
advisable to titrate them in mcreasmg dilutions with corresponding red 
blood corpuscles and not to use typing serums with a titer less than 1 20 
for anti B serum and 1 40 for anti A serum When serum is to be used for 
typing the blood should be kept in the icebox over night before the serum 
IS separated m order to remove cold agglutinins The serum should be 
inactivated at 55* C for thirty seconds to prevent hemolysis 

The surest way to avoid errors in blood grouping is to type the unknovm 
erythrocytes with typing serums of high titers and to type unknown serums 
with 1 to 2 per cent fresh suspensions of erythrocytes of known groups TM 
use of serum 0 ! group O for typing m addition to the commonly employe 
serums of Group A and B will be a further check, because serum 0 should 
clump corpuscles of all groups except of group 0 

A method which is both last and reliable is to place a drop each of typing 
serum, of physiologic salt solution and of die 1 to 2 per cent suspension of 
erythrocytes m a narrow test tube (7 mm mside diameter), shake the mix 
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tore, let it stand at room temperature for five minutes, then centrifuge it 
for one minute at about 600 revofotions per minute. A clearcut clumping 
is evidence of agglutination. If the result is doubtful or negative, a drop of 
the suspension should be viewed with the microscope. With this method, 
testing the corpuscles as well as the serum also will hdp to eliminate errors 
To demonstrate the agglutinogens Ai and A* it is necessary to male use 
of group B serum in wWch the agglutinin for A| has been removed To 
prepare this serum, wash known Aj corpuscles and place approximately 
three times as much group B serum with these cells. After thoroughly mixing, 
allow them to stand at room temperature for thirty minutes and then 
centrifuge to remove the corpuscles. The serum should then be tested with 
known group Ai corpuscles to be sure that all of the agglutinins for Aj 
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Fig 174 —Diagram Hlastiallng blood group lobetilance according to Bernstein’s theory 


corpuscles have been removed. This serum will then demonstrate only 
agglutination with group Aj corpuscles. 

Blood Groups and Heredity. — ^Tbe diagram in Fig. 174 should be 
studied in connection with Hg 172. An attempt has been made to 
show graphically Bernstein’s theory regarding blood g^^oups as inher- 
ited characterisUcs. Agglutinogens A and B are donnnants, and 0 is 
recessive. There are sbe possible genotypes in the four groups indicated 
in the diagram: AB is made up entirely of dominant characteristics, 
and 0(0) is made up entirely of recessive characteristics. Group A 
may have as its characteristics either all dominants A(A), or it may 
be grouped as A, but with both dominant and recessive inherited 
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cbaTactersstics A(0) Likewise group B may be considered either 
B(B) or B(0) The results of mating are indicated on the diagram 
If both parents are in group AB, the offspnng may inherit combina 
tions of genes that will result m mdivjduals of either group AB, A, or 
B, but not 0 On the other hand, children of group 0 parents can be 
only in group O It is also shown that group A parents may ha\e 
either A or 0 children, and group B parents may have either B or 0 
children ^\Tien the parents are m different groups very interesting 
combinations may appear in the groups of the offspnng, as mdicated 
on the diagram Tliese combinations are given on the hnes connecting 
the groups Offspring of AB mated with 0 result m either A or B 
groups, but not m the group of cither parent, while mating A with B 
may result m offspnng of all four groups AB mated with A or with 
B jields AB, A or B, while 0 mated with A yields A or 0 The 
offspnng of 0 mated wth B will be either B or 0 

Exclusion of Paternity • — In an attempt to exclude paternity in 
medicolegal practice, the diagram may be used to determine the pos 
sibiUties when the group of the mother and the child are known 
For example, if mother and child are both in group A, then the blood 
group of the alleged father is of no mterest, as a group A child may 
result from the mating of a group A mother with any of the four 
groups An analogous situation arises when both mother and child 
are in group B Further study of the diagram will demonstrate that 
if the mother is in group AB, and the child is m either group A or B, 
that the father may be m anj one of the four groups For exclusion 
tests the following table (p 343) may be used with Figure 174 

M and N Agglutinogens — It has been demonstrated that the 
erythrocytes of human bemgs have spcafic antigenic properties in 
addition to the factors A and B They were discovered by Landsteiner 
and Levine* by means of immune scrums produced m rabbits They 
are the factors M and N There are no nofmal isoagglutmins for them 
m human blood They can be detected by means of immune serums of 
rabbits injected with corpuscles M or N respectively and then purified 
by adsorption to remove all antibodies except those which react 
with either factor M or N The preparation of anti M and antiN 
testmg Ouids was well described by Davidsohn and RosenfeM* 

'Landstwacr I*arl Torensc Applcaton of Serologc Individuality Tests 
Am Med Assn 103 1041 1044 (Cu 6) 1934 Unse H A Some Medicolegal 
Aspects of IsoageJuln ns Am Jour Clin Path 4 400-409 fSept ) 1934 
*Landstener Ivarl and Levuie, Pbil p A New Agglutinable Tactor D 
Individual Human Bloods Proc. Soc Eiper Bol &lled ^-f-COO-COZ fMar) 1927 
’ David ohn 1 and Rosenfeld I The IVeparalioQ of Anti M and Auti N Test i>8 
riiuds Amer Jour CIm Path P 397-413 (July) 1939 
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Based on these properties there are three types of cells M, N, and 
MN, depending on which agglutinogen is present Approximately 50 
per cent of the white population are of type MN, 30 per cent of type 
M, and 20 per cent of type N These characteristics are inherited as 
two allelomorphic genes, yielding genotypes M(M), N(N), and MN 
The use of tests for M and N agglutinogens, in addition to blood 
grouping mcreases considerably the chance of excluding patermty in 
the case of a wrongly accused man It is empbasired by Landstemer 
and others however, that great caution is necessary m the per 
formance and the interpretation of the test, particularly for the 
property, N and that there are questions concerning technic that 
still require thorough study m order to exclude possible mistakes 

Hh Factor — ^Landstemer and Wiener^ demonstrated that agglu 
tinms developed m laboratory animals either rabbits or preferably 
guinea pigs, against the red blood corpuscles of ^acacus rhesus 
monkeys would also agglutinate the corpuscles of 85 per cent of 
human individuals regardless of iso agglutmm groups The agglutm 
ogen in human corpuscles responsible for the reaction has been termed 
the JUi factor The remamlng 15 per «nt of individuals lack this 

• Landstemer Karl and Wener A. S An Agglutinabic Tactor m rTuman lUood 
RffOgniacd by Jminunr Sera for Rbe$ua Blood Proc. Soc Krper BwL A iled 43 223 
(Jan) 1940 

Landstemer Kar! and Wener A. S Stnd es on an Agsfut nogen (Rfi) fn ITaman 
Blood Reacting with Anu rhesus Sera and with Jliunan Isoantibodies. Jour Erper Med 
74 3(»-320 (OcL) 1941 
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factor It is probable that some atypical reactions that have occurred 
m transfusions may be explained on the basis of the development in 
an Rh negative mdividual of agglutinins for corpuscles containing the 
Rh factor This may occur in patients who have had several trans 
fusions with donors of the same group or with corpuscles from the 
“universal donor” group, or it may occur on the first transfusion m a 
pregnant woman, or a recently postpartum mother, in which it has 
been demonstrated that she is an Rh negative individual, but the 
fetus has corpuscles that are Rh positive As this is an mherited 
characteristic, in instances of this sort the father would also be Rh 
positiv’C In a large number of cases of erythroblastosis the condition 
has been shomi to be due apparently to the fact that the mother’s 
corpuscles did not contain Rh agglutinogen, while those of the fetus 
were Rh positive The theory is that there is a leakage of agglutinogens 
through the fetal arculation into the mother’s circulation which 
produces agglutmms m the mother’s serum against corpuscles con 
taming the Rh factor These agglutinins then act upon the corpuscles 
of the fetus Although this cannot account for all of the cases of 
etythroblastosis fetalis, Levine, Vogel, Katzm and Burnham' found 
that 91 per cent of 111 mothers of such infants lacked Rh agglutinogen 
m the corpuscles 

Preparation of Anti-Ilh Serum*— 1 Anestheti 2 e a Hacecus rhesus tson 
Ley and withdraw 10 c c of blood by cardiac puncture and place in a tube 
contammg 2 c c of a sterile solution of 3 8 per cent sodium atrate 

2 Centrifuge and wash the corpuscles three times with physiologic salt 
solution and tn^e a 50 per cent suspension of the corpuscles 

3 Inject mtrapentoneally 2 c c of the suspension of corpuscles into each 
of eight to twelve guinea pigs Repeat these injections five days later Seven 
days after the last mjcction, test the serums of the guinea pigs to determine 
whether or not a sufficiently high titer of anti Rh agglutinin has been 
developed when used with h uman corpuscles Use group 0 human corpuscles 
from Rh positive individuals, and also group O corpuscles that are Rh 
negative U no anti Rh aggluCioio is present, a further senes of injections 
IS necessary 

4 Before determining the Utcr of the gumea pig serum, it will be neces- 
sary afso to test the serum against Lnown group A and B corpusci'es if 
agglutmms are present, they must be absorbed from the guinea pig serum 
with known A or B corpuscles which are also known to be Rh negativ’C 

5 The titer of the serum must be determined Make a 2 per cent sus- 
pension of the vrashed corpuscles of known Rh positive and Rh negative 
individuals Separate suspensions should be made from at least two indi 

‘Levine Philjp Vogel P, Katao E If and Burnham, L. Pathogenesa o* 
Erylhroblajtosu FeUlis, Statlsucal Evidtnce Science 94 371^72 (Oct 17), 1941 
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vnduals of each type Make dilutions of 1 4, 1 8, and 1 16 of the serum 
Place tnreU e sirall test tubes m a rack, making four tq'ks of three tubes each 
Place 2 drops of each dilution of the serum in each of the four rows of tubes 
Add I drop of the suspension of the knoira Rh positive corpuscles to each 
of the tubes in two of the rows Also add 1 drop of the suspension of the Rh 
negatue corpuscles to each of the tubes in the other two rows Mix gently 
and allow to stand thirtj minutes at room temperature Observe signs of 
agglutination in the bottom of the test tube hlagnify the image of the 
bottom of the tube m a conca\e mirror (see Fig 175) Shake gently and let 
stand for tw o hours at room temperature and obsen e agam for agglutmation 
Rh negati\"e corpuscles preapitate in a sedunent with a smooth edge Posi 
tne Rb factor corpuscles precipitate and are agglutinated in a wrinkled 
sediment with a serrated border High titer serums may require further 

1 2 3 

® O 


G 

4 5 6 

fig 175 —Negative reactions I 2 {15 per cent) Faintly positive reacUoo 3 weakly 
positive reaction, 4 typical pos tive reaction 5 , 6 (85 per cent) (Landsteioer and Wiener 
J of Exper Med , Vol 74 ) 

dilutions to demonstrate clear cut Rh negative factors A satisfactory 
serum should give clear cut positive and negative reactions m at least 
three successive serial dilutions 

Delermtnaiton of Ihe Rh Factor — To determine the presence or 
absence of the Rh factor in the blood of an individual, it is necessary 
to have agglutinating serum of known type as described previously 
Make a dilution of the serum of the proper titer as previously deter 
mined Use 2 drops of diluted senira and one drop of the suspension 
of corpuscles of unknown type Mix gently, let stand for thirty 
minutes, make a preliminary reading, shake gently and let stand agam 
at room temperature for two hours Make a fcal readmg for Rh 
positive or Rh negative reactions 
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A very satisfactory serum for t^ing for the Rh factor is often 
obtainable from vromen nho have given birth recently to babies 'mth 
erythroblastosis It will, of course, be necessary to take into account 
the blood group of such serum Iso-agglutinins must be removed 
Wjener* suggested for this purpose the pooling of two parts of sabva 
from an A individual with one part of saliva from a B indi-vddual This 
is placed in a boiling water hath for ten minutes Centnfuge and pipet 
off the suj^matant, opalescent fluid. This pooled sahva when added 
to human serum in the proportion of two parts of serum to one part 
of sahva, neutralizes the iso agglutinins present in the serum The 
ISO agglutinins may be removed also with group A and group B 
corpuscles In using human serum for testing for the Rh factor, incu 
bate in the water bath at 37® C. for thirty minutes, instead of at 
room temperature 

^ \\1encr, A. S ITeinoIytu: Tnnsfusioa Reactions L Diagnosis with Special Refer- 
ence to the Method of Differential Agglutination Amer Jour Cltn Path 12 IS^IW 
(Apr), 1942 n Prevention with Special Reference to a New Biological Test Ibid 
J2 2il~2S2 (May), 1942. lU Pre^esboo with Speoal Reference to the Rh and Cross- 
Matching Test Ibid « 302-311 Guoe). 1942 
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CIINICAE CHEMISTRY 

^iz application of chemistry to eicammations of blood, tissues, and 
body fluids has progressed to such an ettent that chnical laboratories 
must now conduct, as part of their daily routine, chemical eramina 
tions which formerly were thought to be the duties of analj tic chemists 
m research laboratories \NTiile these various tests usually are earned 
out on whole blood, scrum, or plasma, the same method may often, 
with slight modifications, be applied to etaimnations of unne or 
other fluids According!), the name “dmical chemistry,*' rather than 
‘ blood chemisti> has been chosen for this chapter, although most 
of the chemical procedures that are described are earned out in that 
portion of a chnical laboratory organuation which is known as the 
"blood chemistry laboratory " It is assumed that the student, tech 
Qiaan, or practitioner, who undertakes the tests which are desenbed, 
has bad sufliaent fundamental training in quantitative analysis to 
enable him to find readily, m the various stan^rd textbooks on quan 
Utative methods, the information that he must have for the prepara 
tion of the v'anous normal and molecular solutions which wdl be 
mentioned Many of the tests which are desenbed may be performed 
with manj modifications The methods which have been chosen may 
not necessanl) be the best method m every instance, but they have 
all been used for routme work It is mj desire to impress the student 
with the importance of this rapidly growing branch of clmical 
pathology 

Colonmetnc Methods — These combine comparative simplicity and 
great accuracy and ate steadily growing m populanty 

In general, they consist in treating the fluid under eiammation with 
such reagents as will produce a soluble colored compound with the substance 
to be estimated, and m comparing this color with that of a similar solution 
of known strength, upon the prmaple that the depth of color is directly 
proportionate to the amount of the substance present Some preliminary 
treatment is usually necessary to remove mterfcnng substances Any 
device which will show the quantitative relationship between the colors is 
called a colorimeter 

The chief hindrances to the wide adoption of colonmetnc methods for 
climcal purposes are the cost of the ailonmeter and the difficulties m the 
wwy of preparing standard color solutions Relatively stable standard 
solutions for many of the methods can now be purchased ready prepared 
347 
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The Duboscq type oi co\onineter, mduding the onginal Duboscq, the 
Kober, and certain others manufactured m this country, represents the 
highest type of colorimeter available for chnical work 

The general construction is well shown in Fig 160 The solutions to 
be compared are placed in glass-bottomed cups, which can be raised by 
means of rack and pmion until the lower ends of the clear glass plungers 
are immersed in the fluid, the excess of fluid nsmg between the plungers 
and the walls of the cups By raising or lowering the cups the lajer of fluid 
between the lower ends of the plungers and the bottom of the cups may be 
made of any desired thickness, and the thickness of each is indicated by a 
scale placed in a convenient position Beneath the cups is a mirror which 



Fig 176 — The hwlogic coJonoieter a small coionmeter of the Duboscq type which 
IS very salUfactory lor clinical laboratory work The Lght-shidd has been removed to 
show the cups. 

reflects Lght up through the cups and the long axis of the plungers into a 
senes of prisms These reflect the hght from the two cups into a single 
which IS viewed by an eje lens Fadi lateral half of ^e field receives its 
hght through one of the cups The raising or low enng of the cups, bydinun 
ishmg or mcreasuig the thickness of the layer of fluid through which the 
light passes, diminishes or increases the depth of color of the corresponding 
half of the field 

If identical fluids are poured mto both cups and the cups placed at the 
same height, then the two halves of the field should have e.\actly the same 
depth of color If they do not exactly match, the scale, which is mowble 
upon most instruments, must be brought to accurate adjustment 

To use the colorimeter, focus the eyepiece and arrange the reflector so 
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that the tT^o hah’es of the field aie equally filiumnated Fill one of the cups 
half full of the standard color solution and raise this cup until the laj er of 
fluid between the bottom of the cup and the loiser end of the plunger is 
of a coD\'enieiit thickness This will usually be 10 or 20 mm , as mdicated 
by the scale Place the unknown solution m the other cup and mo\e this 
cup up and down until the two hal\es of the field viewed by the e>e- 
piece exactly match m color Either daybght or artificial hght which is 
filtered through daylight glass may be used Wth daylight, readings are 
most accurate when the colorimeter is placed in front of a window but far 
enough from it — 6 to 10 feet — to avoid 
any strong hght entering the e3re Arb 
fiaal light IS best used m a darkened 
room or a dark corner of the labora 
toij Ivote the readmg on the scale 



Fig 177 — Bock Beoed ct colonmeter 



The concentrations of the two solutions are inierselv proportional to the 
respective readmgs when the colors match This may be expressed m the 
formula 

Readme of standard X Strength of standard 

Strength of ualDown - Readmg of mUiown 

If, for example m the phcnolsulfonephthalcm test the SO per cent 
staniird be used while the cup contauuog it is placed at 10 mm , and the 
unknown stands at la nun when the colors match, then 
10 X 50 

Strength of unknown — — jg — = 33.3 per cent 

Results are alwa>'s most accurate when the unknown and the standard 
have nearly the same depth of color 
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The Boct-Benedict colomneter (F^ 177) enipIo>’S the same general 
pnnaple as the Duboscq except that the pnsms are replaced by two mirrors 
which are protected by a housing A reading len5 is provided for the 
unknoivn scale 

Tlie Klett bio-colonineter (Fig 178) presents several umque features, 
such as a built m subslage lamp and a revolving calculation table which 
contains a hemoglobin scale for the Newcomer method, which gives the 
value of hemoglobin m grams per 100 c c of whole blood The prmciple 


of operation is essentially the same 
a* that of the Duboscq colorimeter 
The Hellige colorimeter {Fig 
179), devised by Autenneth and 
Koemgsberger, but sold under the 
name of the manufacturer, is less 
accurate than tlie Duboscq, but is 
very satisfactory for certam pur 
poses, particularlj the phenolsulfone- 
pVitbalem test The solution under 
examination is placed m the box or 



Fig 179— IlelLge colomneter 



Fig 180— The Peebles Lewis co!on»e- 
ter, laboratory model (Courtesy 
Fire Oay Company, Denver, Colorado.) 


trough, while tlie standard solutico » placed in the wedge-shaped 
which can be moved up or down beside the trough The front is slipped 
into place, and the two solutions are viewed through the window behma 
which IS a double prism to bimg the two colors clo»e together The wedge 
IS moved up and down by means of the knurled bead, until a point is 
reached where the two colors match The hgure on the scale which then 
stands opposite the pomter mdicates the relation between the strengths o 
the two solutions If the pointer stands at 40, then the unknown solution 
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IS 40 per cent as strong as the kno^ standard, if at 70, U is 70 per cent as 
strong Hermetically sealed standard wedges for most of the tests can be 
purchased with the instrument 

Before the instrument is used its accuracy should be tested The following 
plan 15 simple Place the same colored solution — for example, a phenol 
sulfonephthalem s>oIutioii — m both the wedge and the glass box, and rack 
the wedge up and down until the colors match The scale should then read 
100 Now dilute the solution m the glass box exactly 1 m 10 (1 part of 
solution, 9 parts of w’ater) This should give a readmg of 10 when the colors 
match Test the latcnaediate graduations of the scale m the same way If 
the scale proves to be inaccurate, make a record of the figures to be added 
or subtracted An improved model of this colorimeter, which has a metal 
case, IS illustrated m Fig 179 

The Cemson laboratory colorimeter' (Fig 180) is one of the simplest, 
most con^ment, and least expensive yet devised, and is sufEciently accurate 
for most chnica! purposes, including ordinary blood-chemical determmations 

To use the instrument the unknown solution is pipeted mto one tube 
exactly to the 10-c c mark, the readmg bemg taken at the bottom of the 
meniscus, and the standard solution is placed m the other, a httle at a 
tune by means of a capillary ptpet, until the colojs ui the two tubes ;ust 
match when viewed abo\e from over a sheet of white paper or a small 
mirror, so placed that it refects the light from a wmdow A small reflector 
can be placed in the bottom of the box at an angle of 45^ if desired When 
the two colors match, the height of the standard color solution expressed 
m tenths of a cubic centimeter will radicate in percentage the relation 
betreen the strengths of the two solutions If, for example, the top of the 
standard solution stands at the 7 S-cc. mark, then the unknown solution 
IS 75 per cent as strong as the known standard ^VheD desued the instru 
meat may be used m the same manner as the Duboscq, placing the standard 
solution to a desired height, usually to the 10 k: c mark, and varying the 
amount of the unknown until the colors match In this case all the formulae 
gi%en for calculation with the Duboscq may be used Readings are most 
accurate when the unknown solution and the standard have nearly the 
same depth of color and are best made m front of a window and at some 
distance — 5 to 10 feet — from it Lewis* has reported on two improved 
designs of this chmcal colorimeter One is a student model with a wooden 
box, and the other, a laboratory model, is constructed with a metal box 
(Fig ISO) 

Photo-electnc Colorimeters — There are now available several 
types of colorimeters using pboto-electnc cells These are superior m 

' Designed by the late A R- Peebles, wbDe director of the Denison Research Labora 
loty» University of Colorado 

* Lewis, R, C. Two Improved Designs of the Peebles Lewis Chmcal Colorimeter 
Jour Lab and Clia hied , yd'914-917 (June), 1931 The mstrumentj may be purdiased 
from Denver Fire day Company, Denver Coloiado P 0 1107 
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every way to the old type of colonmeters as the subjective errors 
madent to attempts to match colors visually are eliminated The 
photelometer desenbed on page 215 vns the first instrument of this 
sort on the market Though the early investigations made hy ‘^heaid 
and Sanford were for the estimation of hemoglobm, it was pointed 
out that the photelometer could be used for a number of dinicai 
chemical procedures (Fig I8I) The field of photelometnc clinical 



diemistrj has been well covered hy Hoffman * He described the fol 
lowing methods m detail Dctermmations of dextrose, total nitrogen, 
nonprotcin mtrogen, albuimn and globulin nitrogen, urea by direct 
nesslenaatjon urea dearance unc aad, creatmme and creatine chol 
esterol chlondc inorganic phosphate, serum phosphatase, calaum, 
*no£Finan,VV S riimrul Ch»trn€ fry New York V\ja Morrow 

Coaspiay IMl 254 pp 
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magnesium, sodium, potassium, lacbc acid, ascorbic acid, sulfanil 
amide and its denvatnes, ethyl alcohol, bihrubm in serum and 
morgamc sulfate in serum In addition to the biochemical applica 
tioas of the photelometer, there are scores of methods in industrial 
diemistry for which this apparatus has proved useful 

L TESTS FOR THE RECOGimriON OF BLOOD 

The microscopic recogmtion of erythrocytes is the surest and 
simplest means of detecting the presence of blood In most patho 
logic matenal, howe\er, the corpuscles are too much disintegrated for 
recognition with the microscope, and one has to rely upon a test for 
hemoglobin or its derivatives Of sudi tests, those given m this section 
are probably the best Each is reliable wthm its own sphere but each 
has Its limitations The guaiac, benaidme, and similar tests are reliable 
only when negative Wlien, however, proper care is taken to exclude 
fallaaes, they are the most useful and reliable tests for cbnical pur 
poses, although they could not be accepted medicolegally The hemin 
test IS reliable onJj rvhcn posttne The spectroscope offers perhaps 
the most simple and dependable means of identifying blood pigment, 
but, except under favorable conditions, it is not adapted to the detec 
tion of traces Its particular field hea in distmguishing between the 
vanous hemoglobm dcmatives 

The only reliable test for human blood as distinguished from that 
of animals is the preapitin test described on page 662 

I. GuaiacTest. — ^The technic of this test has been given (p IIS) 
It may be applied directly to a suspected fluid, but m order to avoid 
other substances ^^luch might cause the reaction the foUowmg pro- 
cedure is advised Remove fat if present (for example, in feces) by 
shakmg with an equal volume of ether and discarding the ether It is 
necessary to make sure that the onginal fluid is not strongly aad in 
reaction, otherwise the blood pigment may go mto solution m the 
ether used for the fat extraction and be unwittingly discarded Add 
3 or 4 c c of ^Jacual acetic acid Jt» about J 0 c c of the Jat free fluid, 
shake thoroughly isith an equal volume of ether, decant, and apply 
the test to the ether Should the ether not separate ivel], add an 
equal volume of alcohol and mix gently It should then separate 
nicely ^^Tien the amount of blood is very small the ether may be 
concentrated by evaporation, or it may be completely evaporated and 
the residue taken up in a few drops of water, whi<i is then tested 
In case of dried stams upon doth, wood, or other matenal dissolve 
the stain m distilled water and test the water, or press a piece of moist 
blotting paper against the stam and touch the paper with drops of 
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the guamc and the turpentine sucossi^^ly The test may be applied to 
microscopic particles by running the reagents under the co\er glass 
The benzidine test (p 115) is similar to the guaiac test and has 
the same fallacies, but is distinctly more sensitive 

2. Tciclimann’s Test, — ^This depends upon the production of 
charactenstic crystals of hemtn It is not sufficiently delicate to detect 
the mmute quantities of blood with which we frequently have to deal 
m the chnical laboratory, but, when positive, it is absolute proof of 
the presence of blood A num^r of substances— hme, fine sand, non 
rust — mterfere wth production of the crystals, hence negative results 



rig J82 — Itemin crystals obtained in two tests for blood by Te chmann s method 
Note the great difference in size of crystals formed under slightly different condtiou 
(photographs, X ZoO) 

are not always conclusive Dissolve the suspected stain in a few drops 
of physiologic salt solution upon a slide If a liquid is to be tested 
evaporate some of it upon a slide and dissolve the residue m a few 
drops of the salt solution Let dry, apply a cover glass, and run 
glaaal acetic acid underneath it Heat very gently until bubbles bfgin 
to form replaong the aad as it evaporates Allow to cool slowly 
When cool, replace the aad with water, and examine for hermn 
crystals with 16-mm and 4-mm objectives The crystals are dark 
brown rhombic plates, lying singly or m crosses, and easilj recogm^^ 
(Fig 182) Failure to obtain them may be due to too much salt, too 
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great heat, or too rapid cooling If not obtained at first, let the slide 
stand (n a warm place, as upon a hot water radiator, for an hour, 
rcplaang the acid as it evaporates 

3 Spectroscopic Method — Spectrum analysis depends upon the 
fact that solutions of many substances, tthen held so as to mtcrcept 
the bght enlcnng the ^spectroscope, will absorb certam colors thus 
causing dark bands to appear at definite locations in tlie spectrum 
A small direct wsion instrument meets all ordinary requirements and 
may be recommended as a useful addition to the regular bboratorj 
equipment The form with a <!de mirror and reflecting pnsm (Fig 
IW) which gives two spectra side b> side is most convement Before 
use, the vridtli of the slit should be so adjusted and the eyepiece so 
focused that Fraunhofer s lines (Fig 184 D, C, D, E b F) are clearly 
seen smee it is by means of these bncs tliat the absorption bands 
are located The exammation is best made b> daylight Mithartifiaal 
light the Fraunhofer Imcs do not appear ITic solution under exam 



Pg IS3 — Small direct vuion spectroscope with side minor (About natural uae.) 

mation may be held m a test tube or small beaker If a test tube be 
u<ed only 1 to 3 c c. will be required The selutton must be made abso- 
lutely clear b) filtration, or, in case the quantity is very small by 
centrifugation 

The treatment of the suspected materia) will depend upon its condition 
and the purpose of the examination 

1 M hen fresh bleed is studied for oryhemoglobin or methemoglobm a 
large drop from a skin puncture is received in 1 or 2 c c of water in a test 
tube and cautiously diluted to the point where the bands become distinct 
The optimum dilution is much less for methemoglobm tlian for oxyhemo- 
globin 

2 Untie and ether fluids suspected to contam blood may be cleared 
by filtration and rtammed directly 4Vhcn this proves unsatisfactorj, as 
IS often the case owmg to persistent doudme^s, to the presence of other 
pigments which darken the whole spectrum or to thesmallanjouat of blood 
present, the blood pigment m 2(X) to 500 cc of the unfiltered fluid should 
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mended for the guaiac test may be used, or the ether extract may be con 
centrated by evaporation 

When the result is m doubt the acid hcmatm may be transformed mto 
the more easily identified bemocbromogen as follows Render the ethereal 
extract alkaline with strong ammonia, cooling if necessary, mix nell, and 
let stand until the fluids separate The ammonia a ill contain alkaU hematm 
By means of a pipet transfer it to another test tube and add a few drops of 
fresh yellow ammonium sulfide or Stokes* reagent * Any precipitate may 
be removed by centrifugaliaation The bands of bemochromogen should 
appear at once 

4 Sknns oj blood drud on clothing, and so forth, should be dissolved 
in 1 or c c of 10 per cent caustic soda solution heated to a point just 
short of boiling, cooled and treated with a few drops of ammonium sulfide 
or Stokes’ reagent The solution is then examined for the characteristic 
bands of hcmochromogen 

5 In very old blood slatm the hemoglobm mav have been transformed 
to the iron free pigment hematoporphvrin which is verv resistant to solu 
tion It will usually dissolve in strong sulfunc acid It has been advised 
to place a few small bits of the diy stain on a slide in a drop of concentrated 
sulfunc acid to apply a cover, and rub the bits of blood between slide and 
cover Enough may go mto solution to admit of spettrostopic examination 
Particles of wood doth or other organic material which might blacken 
the acid should be avoided 

For accurate spectral analysis it is necessary to use a high grade 
wide dispersion spectroscope The characteristic absorption spectra 
of the more important hemoglobm derivatives are as foUows 

1 Oxyhemoglobin is present only m comparatwilj fresh blood It 
gives two dark bands betwein the lines D and E the one nearer D bemg 
the stronger In concentrated solution these unite to form a single broad 
band Upon addition of a few drops of fresh ammonium sulfide or much 
better Stokea reagent the spectrum changes to that of reduced hemoglobm 

2 Hemoglobm (also called reduced hemoglobin) gives a smgle broad 
band between D and E By shaking with air it is changed to oxyhemo- 
globm, whose bands m the same dilution are more distinct 

3 Methemoglobm occurs m the circulatmg blood under the condi 
tions which have been described (p 20o) It may also be found in unne 
and m hemorrhagic cyst fluids In neutral or family aad solution its most 
charactensiic band is situated between the Imes C and D Tw o less distinct 
bands he between D and E, pcssibly due to accompanying oxyhemoglobin 
and a broad one beyond E, but these are usually not clearly seen The 
blood must be diluted cautiously, as it is easy to pass the point where the 

^Stokfs reagent consists oi ferrous sulfate; 2 Cm tartonc aod 3 Cm. water 
100 C.C. tVlieii needed for use take a few cub c cenUmeten m a test tube and add strong 
ammonia drop by drop unUl the preapitxte wbich forms at first has entirely dissolved 
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charactenstic band iS most distract Upon addition o{ a few drops of fmb 
ammonium sulfide or Stokes’ reagent, methemoglobin is dianged to reduced 
hemoglobin with its single broad band This will serve to distinguish it 
from acid hemaUn 

Methemoglobin can be prepared for purposes of comparison by diluting 
2 drops of blood inth 20 drops of Trater, adding 1 or 2 drops of strong 
potassium femcyamde solution, and shaking The solution turns chocolate 
brown, and may then be diluted until the characteristic band is distmcL 

4 Sulfbemoglobm. — The substance is found most often m cases of 
mtcstmal stasis, or ua so-called “enterogenous cj'anosis “ Sulfhemoglo- 
binemia is probably more common than roethemoglobinenua, with which 
it was formerly confused The absorption spectrum fTig 184) is very 
similar to that of methemoglobin, except that there are only three bands, 
there being none between E and F The reaction of sulfbemoglobm to a 
reducing substance is far different than is that of methemoglobin On the 
addition of ammonium sulfide, or of Stokes’ reagent, the bands are not 
changed to those of reduced hemoglobin This is especially noticeable by 
observing the bright band near C 

5 Hemalin may be formed through the action of acids or alkalis, as 
m gastnc and intestinal bleeding It is sometimes found m old extrai-asates, 
m tlie urine, and elsewhere It is insoluble m water or weak aads, readJy 
soluble in acidified ether and weak alkabs 

As seen m Fig 184, the absorption bands of hemaun in aeid sdulm 
(“acid hematin } are somewhat similar to those of methemoglobm That 
between C and D ts most definite and ebametensue, the others may not 
be clearly <een In contrast to methemoglobin, the addition of ammoniuio 
sulfide or Stokes’ reagent does not produce the spectrum of reduced hemo- 
globin but rather (if the solution has been sufiiaeoUy alkalmized to produce 
alkab bematin) that of hemochromogen 

6 Hematin m dlaltne soMion ("alkah hematin’’} gives a rather m 
defimte broad band between C and D Its presence may be confirmed by 
addmg a few drops of ammonium sulfide or Stokes’ reagent The soluti® 
becomes brighter red in color, and the spectrum changes to the more easil) 
identified one of hemochromogen 

7 Hemochromogen, also called rtduced hemoiin, gives a caicow, 
very distinct band between D and E, and if not in too dilute solution, » 
fainter band between E and b This is one of the most definite and chaiac 
tensUc of the blood pigment spectra 

% -a tm Titin^ivejkteantig’rtAjaj 

produced Although it was formerly thought to be present m unne m 
pathologic conditions it is known now that the naturally formed copW" 
porphyrin is the substance roost usually found m urine The similarity to 
the absorption bands of coproporphyria and hematoporphjTm is shown 
in Fig 18S 

9 Hematoporpbynn in dkaltne sdubon produces the absorption bands 
m the spectrum shown in Fig 184 
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Fig ISS —Absorption spectra of some of the more important porphynns (IVatson Oxford 
Medtooe) 


Fig 186__Sp«ttophotclomef«r, a photo-electnc spectrophotometer 

10 Carbon monoxide hemoglobin, which appears in the circulating 
blood in carbon monoxide poisoning, gives two bands very Iite those of 
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oxyhemoglobin, but somewhat nearer the violet end of the spectrum In 
contrast to oxyhemoglobm, addition of ammonium sulfide or Stokes’ 
reagent leaves these bands unchanged Owing to the small quantity usually 
present in poisoning, the chenucai test is preferable for its detection (p 
2 O 0 ) Carbon monoxide hemoglobin can be prepared for purpose of com 
panson by causmg iHummating gas to bubble through an aqueous solution 
m a test tube 

Photo-electric Spectrophotometer — Sheard and States* ha\e de 
\ eloped a new, compact mstrument which utilizes some of the prin 
ciples of the Ccnco Sheard Sanford photelometer This new instru 
ment is called the spectrophotelometer (see Fig 186) The relative 
intensity of illumination in any selected region of the spectrum can 
quickly be measured by means of this apparatus The spectral region 
in which the measurement is to be made is quickly selected by turning 
a small crank and watcbmg an indicator The transmission cime 
may be plotted from the galvanoinetric deflection readings Although 
this instrument will probably be used chiefly for research, anyone 
wishing to do spectral analysis of hemoglobin or its derivatives will 
find that the spectrophotelometer is far simpler than is spectro- 
photometry with the older type instruments 

n CHEMICAL EXAMINATIONS 

Blood for Cbemjcal Eramiaatios 

Blood for chemical examination is obtained from a vein (p 193) 
If the examination is to be made on serum, place the blood, usually 
about 10 c c in a chemically c lean 15 c c centrifuge tub^ , allow the 
blood to clot, and centnfugalize toobtain clear serum If plasma is 
desired the receiving tube must contain a small amount, about ^ 
mg,. of potassium oxala te to prevent coagulation The oxafale Is 
■bestintfoduced by 'facing in the tube 2 drops of a 20 per cent sola 
tion of chemically pure neutral potassium oxalate and diymg m a 
hot air stenlizer For uiic and Folin adwses u^e of 

to mg of lithium oxalate ^ "irornediatelv after theTjlood is added it is 
well shaken to insure proper mixing with the oxalate The amount of 
blood required will depend upon the estimations to be earned out 
From 6 to 10 c c will usually suffice 

The concentration of various constituents of the blood is mate* 
nally altered for a time following meals, and it is therefore necessarj , 
for the sake of umform results, to obtam the blood after a twelve 

1 Sheard, Charles and States M D A Concave Grating Photoelectnc Speetropho- 
tometer Jour Optical Soc Amenca 3i 64-C9 (Jaa) , 1941 . , 

•Foe the pteparatiOB of lithuuB oxalate, *eemgeal(d), Folia’s new one aadmetnoo 

page 373 
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hour fast — that is. before _food is ta^en in the morning Unless j 



e urea, unc acid, creatinine, creatine, and 


sugar are preserved tor as lon g as lourtcen day Sy ine mixture is 
epared’by poivHenn^l "parfoi tbymol wilt 10 parts of sodium 
fluoride in a mortar, and passing several times through a lOO-mesh 
sieve. A weighed amount, suffidcnt for the quantity of blood that is 
to be taken (0011 Gm. for each cubic centimeter), is then put in 
each bottle. The sodium fluoride should be free from ammonia, 
1 Gm. should give no color when treated with 5 cc. of Nessler’s 
solution This preservative also serves as an anticoagulant, obviating 
the use of oxalate. 

Lewis and Mills* confirm the findings of Rose and Schattner on 
the value of monochlorbenzene-fiuoride as a blood preservative in 
determinations of sugar, urea, uric acid, and CTeatinine, when it is 
necessary to delay such determinations for three or four days They 
recommend a combination of 0 275 Gm of potassium fluoride and 
0 2 Gra of monochlorbenzene for each 20 c c of blood This pre- 
servative is active at room temperature, or in the refrigerator, at 6* 
C. However, if the blood becomes heated to 57* C. for twenty four 
hours or longer, as it might in the mails, the blood is not preserved, 
and such a condition wnll be indicated by the appearance of small clots 
The absence of such clots is an indication of proper preservation 

v<^moTal of Blood Proteins — 1 By means of a pipet place a measured 
amount, usua Uv_5 to 10 cc . of the o-ra l ated blood (p. 3601 in a 20 0 c 
flask, add seven times its volume of distilled water, and mix we 


2. Add an amount of lU per cent soluilon of sodium tungstate® equal 
to the volume of oxalated blood used, and mix. 

• Sander, P. V • The Preservation of Blood for Chetoical Analysis, Jour Biol Chem , 
«I-IS(Vov), 1921 

• Lewns, R C , and Mills, G F The Cocnnarative Value of Monochbrbenrene and 
Thymol WTien Us^ with Fluonde as Preservatives of Blood for Chemical Analysis, Am 
Jour am Path, J17-28/j3n). 1911 

’ Fo’in has pointed out ihst the sodium tungstate upon the market is not uniform 
Some lots are alkaline and some acid A satisfsctaiy sodium tungstate pves a solutiou 
which IV neutral or faintly alkaline to phenolphthitein The sample should be discarded 
if it IS so alkabne that more than 04 cc of dectnormal acid are required to neutralize 
lOccofthelOpercent solution withpheoolphthaleinasindicator Aad reacting tuagsUte 
may be used, provided the 10 per cent solution be brought to ceutrahty or very faint 
alkalinity with sodium hydroxide 
13 
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3 Add very slowly drop by drop, with constant shaking, an amount of 
two thirds normal suUunc acid eqtid to the volume of o-valaled blood used 

4 Insert a rubber stopper and giw a few vigorous shakes A dark 
brown coagulum should form Should U fail to do so, coagulation is mcom* 
plete owing, probabI>, to use of too much oxalate In such cases add a few 
drops of twice normal auHunc acid, shake vigotouslj , and allow the mixture 
to stand for five minutes for the coagulum to ch^ge from bright red to 
dark brown, before filtering 

5 Filter through paper and collect the dear filtrate Should the first 
that comes through be cloudy, return it to the funnel The filtrate should 
show no acid when tested with Congo red paper When uric aad is to 
be determined, Hcnedict recommends that the mixture be allowed to stand 
ten to tweat> minutes after the sulfunc acid is added and before filteruig 

Each cubic centimeter of the dear filtrate represents 0 1 c c of blood 
It will serve for determinations of nonprotein mtrogen, urea, uric aad, 
creatminc, blood sugar, and other substances, and may be kept without 
deterioration for two days or longer if covered mtb a few drops of toluene 
or xylene, and kept on ice 

Haden’s Modification — Haden* has simplified the previous method of 
making a protein free blood filtrate Make a twelfth normal solution of 
sulfunc acid by adding 2 3 c.c of concentrated sulfuric acid to 1 liter of 
distilled water Twenty cc of twelfth normal sulfunc acid should require 
16 7 c c. of decmormal sodium h>droxtde for neutraliaauon The unproved 
method consists of taking one volume of blood with 8 volumes of twelfth 
normal sulfuric acid Then, add one volume of 10 per cent solution of 
sodium tungstate, shake the mixture well, and filter 

Osterberg' has further modified the Iladen method of making protein free 
blood filtrate He mixes one part of a 10 per cent solution of sodium tungstate 
vnth eight parts of twelfth normal sulfuric acid One part of oxalated blood 
is added directly to nine parts of this mixture This gives a water-clear 
protein free filtrate without any lakiog of the blood In this respect the 
method is similar to Folin s new method for protein precipitation wh^ch 
Wlows 

y' Tolin's New Method for Protein Precipitation.— Folin’ published a 
modified method for removing proteins from blood samples which gives a 
water clear solution, with no laking of erjlhrocytes It is claimed for Uu* 
extract that more accurate determinations can be made io r_ blood sugar and , 
iom ne acid. ^and that urea d ^crminatidhs are identical with those obtai ogl 
with the olde r m ethod^ 

' 1 ' to a small flask 40 c c (S volumes) of a solution contains? 

15 Gro of anh) drous sodium sulfate an d 6 Gm of ^mm tungstate per liter 

* N«den R L. A JfodificBUon of Ihe Fdtn Wu Method for Jfalung Prolew-tfe* 
Blood FdlTates, Jour BioL Chern , 56 4W-471 (Jodg), 1923 

* Osterberg A E Personal commimicatlon , .tl 

* Fohn 0 Unlaked Blood tx a Bosu for Blood Analjxls Jour B oI Chem SS I' 

178 (Mar), 1930 




so forth). 

Because of the light which they throw on the problems of metab- 
olism and excretion it is the nonprotetn group, and particularly the 
waste products, urea, uric add, and creatinine, which are of chief 
interest from the clinical point of view The amounts present in the 
blood in health are as follom* 

Per 100 c.e. of blood 


Total Donproteio mtrogea 
,/Vxn lutrageii. 


25*30 mg 
12-15 " 
2- 4 “ 
1 - 2 " 


Lower figures are infrequent and have no definite clinical import 
Hi gher figures are usually referable to accumulation of the respective 
substanre in the blood because of defective elimination . The subject 
is discussed in the sections dealing witli the functiohal capadfy of 
the kidneys and with laboratory findings in nephritis Since blood 
ujsa-has apparently the same significance ^ regards kidney function 
as has the total nonprotein nitrogen, and since estimation of urea is 
much the simpler, the method for no n protein nitrogen is much less 
^erLlha n is that for urea . Studies by Mire and Benedict throw 
doubt upon the existence of creatinine in the blood, but the facts 
which have been gathered regarding the dinical significance of the 
determinations still stand. 

The methods which follow are, for the most part, based upon the 
system of blood analysis devised by Folin and Wu ^ 

'✓ ^etenmaation of Total Konprotem Witrogen 

Method of Folin and Wu. — Reagatts. — (a) Digestion mixture. To 50 
C.C. of 5 per cent copper sulfate solution add 300 c.c. of 85 per cent pbos- 

Folm, 0., and Wu, H.* A System of Blood Analysis, Jour. BioL Cbem., 3S 81-110 
(May), 1919. ‘ ' “ * 
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Cclcuiatton 


Reading of Standard (20) ^ ^ 
Reading of Unkno\Nn 


mg of nonprotem nitrogen in 100 cc 
blood 


Pholelomrlne Df/erwina/ioM 0 / Konprotein Pitlroicn ' — ^The method has 
been adapted to the photelometer using cither blood or urme and making 
the calcuJaliona from a curve that has been prepared from pholelometnc 
readings made vnlh standard solutions that have been analyzed according 
to the method described 


v^ ^etenmDsUoo ot Blood Urea 

v/^Iethod of FoUn and Wu with Aeration — Reagenis Rtquired — All of 
these may be purchased ready prepared 

(a) Urease elution-* Thee about 3 Cm of pennutit powder m a 
200-cc. flask Wash bv shaking with 2 per cent acetic acid allowing to 
settle, and pouring oIT the supernatant fluid W ash twice with distilled vrater 
in a similar manner Add to the moist permutit 100 c c of oO per cent 
alcohol (3S cc, of 95 per cent alcohol and 70 cc of water) Add 5 Cm 
jack bean meat and shake for ten minutes Filter and store m small bottles 
The solution remains good for about a month if kept on ice Each estimation 
of blood urea will require 0 J to 1 cc 

(b) PyTophosphate solution Dissolve 14 Gm of sodium pyrophosphate, 
U S P , and 2 Gm of glacial phosphoric acid m 100 c c distilled water 
Two drops are used m each estimation to accelerate the action of urease 

(c) Sodium hydroxide, 10 per cent solution Each estimation requires 
1 or 2 cc 

(<f) Antifoam liquid Pure caprvlic alcohol is best and requires the use 
of only 4 Or 5 drops Pure amyl alcohol may be substituted, but 1 or 2 cc 
must be used 

(r) Standard ammomum sulfate solution (See Nonprotem Nitrogen 
Weil^''Reagpnt c) 

?jp^£r. s_reagent .(Folin) (See Nonprotem Nitrogen Method 
Reagent 6 ) 

0^ I>ec>norni&\ hydrochloric 8a6saiaUon One c c , diluted with water, 
IS used m the determination to catch the ammonia earned over by aeration 


* Hoffman W S Pbotelomelnc Qimcal Chemistry New York Wm Jlorm and 
Company 1941 pp 77-89 

Hoffman W S and 0«good The Photoelwtnc M crodetermination of 

K trogrnous Const tuents of and Unoe by Direct Nesslenzat on Jour Lab & 

CLn Mfd 2J S56-R66 (May) J«Cl 

* Instrad of Tol n s urrase and pyrophosphate soJuUons here described one may 
use a 5 per cent soJuUon of the tjrca«e powder prepare J by E R Squ bb & *k)ns. and 
the Arlington Chemical Co orlhe0025Cm tablets prepaied by Hynson WestcoUand 
Dunning Tuo tablets broken up m ) cc of watermakea 5 percent solutioo All of these 
have the acUvaUog phosphate already added. 
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Method 1 PipetScc of the ptotem free filtrate* (p 362), representing 
Qi cc. of blood, into a test tube of sudi siee that it wiU readily slip mto 
cylinder A of the aeration apparatus of hfjers (Fig 187) 

2 Add 0^ to 1 c c of the urease solution and 2 drops of the pyro- 
phosphate solution The pyrophosphate is to be omitted if the urease solution 
IS prepared as desaibed m the footnote on page 365 

3 Let stand at room temperature for fifteen or twenty minutes, or 
place in a water bath at SO" to 55" C for five minutes The urea is converted 
mto ammonium carbonate 

4 Add 1 or 2 c c of 10 per cent sodium hydroxide solution, mix and 

add 4 or 5 drops of caprylic alcohol ^r 1 or 2 c ^ of pure amyl alcohol 
Immediately p^ce the test'tuli^ In ^"(Tig 187) and adjust^e 



Tig 187— Aeration app-iRitus (or esbmalion of uTca and ammonia W BotUecoo 
laming dilute rulfunc acid to remove ammonia from the air which pasi^es through the 
apparatus A A cyLnders iti which the test Quida arc placed B R cyl nders with dea 
normal acid to rcceiae the ammonia S suction 


Stopper, taking care that Uie end of the delivery tube, is well below, the 
surface of the fluid 

5 In graduated cyhnder B place 1 c c of decinomtal hydrochloric acid 
and 15 or 20 c c of water Adjust the stopper inth the end of the dehvery 
tube reaching nearlj to the bottom of the cylinder 

6 Start the suction, allowing the air to pass only very gently for the 
first few minutes, later as activch as the apparatus will stand Continue 
aeration for thirty to fort} five mmutes 

7 WTien aeration is completed add 2 5 c c of Nessler’s solution to the 
acid in cylinder's, fill to the 25 cc marh with distilled water, and mix veil 

' PrecipiUhon of proteins is not oecessiiy and b done only when other substaniw 
are to he determined in the same sample of blood When only urea is to he 
it is more convenient to use the whole blood as (oiiows Takelcc of the oialafed bw>o 
add 0 c c of wafer mix well and ttse 5 C c in Step I above 
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S Prepare the standard color solution contaming 0 3 mg of nitrbgen 
as follows In a 100-c c volumetnc flask take exactly 3 c c of the standard 
ammonium sulfate solution, about 70 c c of water, and 10 c c Kessler’s 
reagent Make up to the 100 c c mark with water, and mix well The 
standard and ike tttiktian.'tt skottld he NessUnzed as nearly sttnulianeottsly as 
Practicable 

9 Compare the unknown with the Standard in a colorimeter, calculate 
the amount of the urea nitrogen m the 0 5 c c of blood used, and from this 
the amount of urea nitrogen m 100 c c of the blood * The details of the 
calculation vary with the colorimeters used but depend upon the fact that 
23 c c of the unknown represent 0 5 c c of blood while lOO c c of the color 
standard contain 03 mg nitrogen IVith the Duboscq {jpe of colorimeter 
the following formula may be used 


Readmg of Standard 
Reading of Unknown 


X IS = mg urea nitrogen in 100 c c blood 


While the method as given above is well suited to the needs of most 
clinical laboratories a vanation which is given preference by John and 
Wu is ividely used This consists in carrying the ammonia from the blood 
filtrate into the acid by means of distillation instead of aeration The tube 
containing the blood filtrate and urease is connected to a rcceivmg tube 
m a manner similar to that shown in Fig 43 (p 107) The method la exactly 
the same as that gi\en above, except that Steps 4 to 7 inclusive arc changed 
to read as follows 

4 To the digested blood filtrate add 2 or 3 drops of paraffin oil and 
1 c c of 10 per cent sodium h> droxide, and insert the stopper 

3 Quickly place I c c of decinormal hydrochloric aad and about 
1 c c of distilled water in the receiving test tube and connect with the 
dehvery tube The end of the dehvery tube must extend below the surface 
of the acid The receiving test tube should have n 25 c c. mark 

6 Boil moderately over a microbumer for four minutes At the end 
of this time lower the receiving test tube so tb*!! the lip of the delivery 
tube touches its wall near the top, and boil vigorously for another minute 
Rinse the end of the delivery tube with distilled water into the receiving tube 

7 Cool the acid, which now contains the ammonia, dilute to about 
20 cc with distilled water, add 25 cc Kesslers reagent, make up to 
exactly 25 c c with distilled water, and mix 

Photelomelnc Delerminotion cj Urfa • — The method has been adapted 
to the photelometer by usmg either blood or unne and making the calcula 
tionsfromacurv’e that has been prepared with nesslenaed standard solutions 
\*i.<Van Slyke and Cullen Modification of Marshall Ilrease Method — 
(Also p 81 ) " * 


* Vrea and urn muogtn Sgum sbould not be cooftised To hid tbe amount cl urea 
muluply the nrta nitrogen figures by 2 !4 

•Hoffman, W S Photebmetne Gnical Cbermstiy New York \\m Morns and 
Company, IWt pp 90-99 
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•^tagmts—ia) Urease solution. 10 per cent urease powder in distilled 
water 

(i) Antifoam solutions 

1 Rosin, 20 Gm , turpentine SO c c To be used in the tubes containing 
blood 

2 Amyl alcohol, 30 c c , hcrosene, 70 cc To be used in the tubes 
containing acid 

(c) Potassium carbonate, 100 Gm In distilled water, 100 cc 

((0 Indicator, 1 per cent solution aluann red S (sodium abzann sul 
fonate), in distilled water * 

(e) Volumetric solutions, fiftieth normal sulfunc, or hydrochlonc aad, 
and fiftieth normal alkali * 

Mrlhod — I Pipet 3 c c whole oxalaled blood into a 10O< c pjTex test 
tube 

2 Add 1 cc urease solution (a) Place tube m water bath at 50® to 
55® C for fifteen minutes 

3 Add 1 to 2 c c rosm antifoam solution (6, t) 

4 Place 10 c c fiftieth norma) and in acid tube 

5 Addlcc an]>l alcohol antifoam solution f5, 2) to this tube 

6 Connect apparatus with suction pump and stnit aeration of blood 
tubes into acid tubes (see Fig 188) 

7, Add 10 c c saturated solution potassium carbonate (c) to blood tube, 
stopper quickly and tigb tly, conimue aeration for forty fi\ c minutes, driving 
oH all ammonia 

8 Determine the excess of acid by titrating the contents of the aod 
tube Tith fiftieth normal sodium h}droxide, usmg 1 drop of aluann red 
md cator (d) 

9 Blank tubes, without blood, are set up, aerated and titrated, to 
determme the amount of ammonia m the reagents 

Calculation — Number cubic centimeters of fiftieth normal sodium 
hydroxide used to titrate blank aad tube — number cubic centimeters 
fiftieth normal hjdroTide used to titrate blood acid tube =* number cubic 
centimeters of fiftieth normal aod neutralued by ammonia from the blood 

• Instead of Uie indicator given above the method Is much simplified by using the 
foltovrfng two-dye indicator Dissolve 300 mg methyl red by gnndingin II I cc. of tenth 
normal ^lum hvdfonde Make up to one tiler with ethyl aJeobol Make a 0 1 per cent 
solution of methylene blue in water and mu IS cc of this methylene blue »JuUon mlh 
too c c of the mcihyl re<l solution Add I cc of ihu nurture to every 60 cc of a 2 per 
cent mlution of bone acid Use 15 cc of this mixture m step 4 of the method Instead 01 
Wuelh normal wtuilon ot sulfunc acid The cbl« rd the Indicator is bright purp’e After 
aeration the ammonia changes the indicator to green 'Illrale the mixture with futieta 
normal fiOttuJOBnirtunuric acid until the bright purple color returns. The formula lor 

a simple calculation Is — ■ . ■ x (titratloa — titration ot the control) •• mg t>f 

cc of blood 

per too cc By using this method It Is not necessary to use fifueth nonoal soluboa of 
alkali for back Ulrauon. 
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Hg 188 — Aeralloa bioci for deternuDatjoD of uiea. 


Amount ol add neutralized by ammonia from the blood X 20 X 0.467 
= mg. urea nitrogen for each 100 c.c. blood. 

DetennlnatioD of Blood Creatlnino 

J^eagenls Required. — (a) Alkaline picrate solution: Saturated solution 
purified picric acid, 25 c.c.; sodium hydroxide, 10 per cent solution, See 
This solution must be freshly mixed for each test. The picric add and 
the sodium h>droxide solutions keep for a long lime. 

(5) Standard creatinine solution: DissoUe 0 1 Gm. creatinine, or 0.161 
Gra. of creatinine zinc chloride, in SO cc. decinormal hydrochloric add and 
make up to 100 cc. This constitutes a stock solution from which the standard 
creatinine solution is made as follows: In a Uler volumetric flask place 6 
C.C. of the stock solution, fill to the tOOO c c mark with decinormal h>dro- 
chloric acid, and mix well. Prcseni'e by adding a few drops of toluene or 
xylene; 5 c c of this standard contain 0 03 mg. creatinine. 

ifelM. — 1. Pipet 10 c c of the protdn-free blood filtrate 362) into 
a small flask. 
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2 Pjpct See (10 c c , 15 c c , or 20 c c , if high creatinine is expected) 
of tlie standard creatimne solution into another flask and dilute to 20 c c 
■mth water 

3 As nearly simultaneousl> as possible add Sec of the freshly pre 
pared alkaline picrate solution to the first of the two flasks and 10 cc. to 
the second which contains the standard Mix well 

4 At the end of eight to ten minutes compare the unknown with the 
standard in a colorimeter The reading must be completed within fifteen 
minutes from the time the picrate was added The calculation will vat) 
with the colonmelcr used, but depends upon the fact that the unknown 
represents 1 c c of blood while the standard, diluted to twice the \oluine 
contains 0 03 mg creatimne (or 0 06 mg if 10 c c of standard creatinine 
were used) 

\\ ith the plunger type of colorimeter the following formula may be used 


S X C X 50 
R 


mg creatimne m 100 cc of blood, S representing the 


reading of the standard, R the reading of the unknown, C the strength of 
the standard in mg of creatimne Thus if the standard is set at 20, and 
the reading of the unknowm is 10 while the standard contains 0 03 mg 
cicatinine then the formula gives a creatimne value of 3 mg per 100 c c. 
of blood 

Photelomdric Dclerminalion ef Creatinuie and Crealitt * — The photel 
ometcr ma) be used for determination of creatimne b> using a calibration 
curve that has been prepared with the colonmclnc method and b> using a 
Cenco green filter number 1 


Deterctunalioo of Blood One Acid 

Benedict's Method — Rragenis Required — (o) Standard uric acid solution 
(Benedict and Hitchcock) In about 500 cc of hot distilled water dissolve 
9Gra pure cr>’5tallineh>drogendisodiuin phosphate and I Gm dihjdrogen 
sodium phosphate nifer if^ot.n£rfcctl> clear In a 1000-cc volumetnc 
flask place exactly 200 mg uric acid suspended in a few cubic centimeters 
of distilled water Pour the hot phosphate solution into the flask Agitate 
until the unc acid is completely dissolved and add 1 4 c c glaaal acetic 
and Cool to room temperature, make up to 1000 c c with distilled water 
and mix wclL Add 5 c c of chloroform as preserv alive, 5cc of this solution 
contain 1 mg unc acid It remains good for at least two months 

From the above stock of unc acid solution prepare two standards for 
use m uric acid determinations 

No 1 Stronger standard Measure 25 cc of the above stock solution 
into a 5(X)-cc. volumetric flask, add about 250 cc of water and 25 cc 
• Sanford, A H , Sheird Charles, and Oslerbets A F The Pholtlomeler and In 
Useln the Clmicat Ijiborator/ Amer 3<wf Oin Path J •WS-tZO ("^ov ), t9J3 

Hoffman W S Photelometnc Clinical CbemisUy, New York, Um Jforru •nd 
Company 1941 pp 111 118 
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diluted hydrochloric acid (concentrated hydrochlonc aad 1 part, water 
9 parts) Dilute to 500 c.c and nux well This solution contains 0 05 mg 
unc aad in 5 c c. 

No 2 Weaker standard Proceed in exactl> the same way as for the 
stronger standard, but use 10 c c of the stock solution instead of 25 c.c 
This standard contains 0 02 mg unc aad in 5 c c and is the one most 
frequently required It remains good for two weeks 

(5) Sodium cyanide, S per cent Di^lve 25 Gm sodium cyanide in 
450 C.C distilled water, add 1 cc concentrated ammonia, make up to 500 
cc , and mia This solution must be freshly prepared once in two months 

(c) Unc acid reagent (Benedict) Place 100 Gm of sodium tungstate 
CMerck or Baker, c p ) in a liter pyrex flask and dissolve m about 600 c c 
of distilled water Add 50 Gm of pure arsenic acid (As*0 ), 25 c c of 85 per 
cent phosphonc acid, and 20 c c of concentrated h3 drochlonc acid Boil 
for about tw ent> mmutcs cool, and dilute to 1000 c c This reagent remams 
good indefinitely 

iletliod — 1 In a test tube of about 18 to 20 mm diameter place See 
of the clear, protem free blood filtrate (p 362) representing 0 S c c of blood, 
and add S c c of distilled water Nfark the tube U 

2 In a test tube of the same diameter, place 5 c c- of the stronger unc 
acid standard solution described abo\e, and add 5 c c of water Mark this 
tube S 1 It contains 0 03 mg unc acid 

3 In a third test tube place 5 cc. of the weaker standard, and add 5 
C.C of water Mark this tu^ S 2 It contains 0 02 mg unc acid 

4 To each tube add 4 c c of 5 per cent sodium c>*anide solution from 
a buret. 

5 To each tube add 1 c c of the unc aad reagent Mix by one mvcrsion 
and immedutely place in boiling water for three mmutes after immersion 
of the last tube The time elapsuig between immersion of the first and last 
tubes must not exceed one minute 

6 Remove the tubes, cool for three minutes in a beaker of cold water, 
and compare the unknown in a colorimeter mth the standard which it 
more nearly matches To a\oid preapilates the companson should be 
made withm fiw minutes after removal from the cold water 

Ihe calculation is based upon the fact that the unknown represents 
0.S CC- of blood, while No 1 and No 2 standards contam OOo and 002 
mg of unc acid respeciivelj With the Duboscq or Denison Laboratorj 
colonmeter and the No 2 standard the foHo^v^ng formula may be used 


Reading of Standard 
Reading of linknown 


X 4 = mg of unc acid m 100 c c of blood 


Folm’s Method — Jleagenls Reqmrtd — (fl) Standard stock solution of 
unc aad Place 0 45 to O-o Gm blhium carbonate m a 3C0-c c beaker 
Add 150 c c water and beat to 60“ C Stir until dissolved Transfer exactly 
1 Gm of unc aad to a funnel on a 300< c flask Rinse this mto the flask 
w-ith the hot lithium carbonate solution and shake When the unc aad has 
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dissoU-edi cool under running water and transfer to a 1 liter volumetnc 
flask Dilute to about 500 cc Add 25 cc of 40 per cent formalin, shake, 
and acidifj with 3 cc glacial acetic ac«d Sliakc to remove most of the 
COt, and add distilled water exactly to the liter mark, and mix bv shaking 
This stock standard solution will keep for several months, but should be 
placed in small tightly stoppered bottles, and kept in a dark place Each 
cubic centimeter contains 1 mg uncacid 

{b) Diluted unc acid standard Transfer, with an Ostwald pipet, 1 
c c of the stock standard to a 2a0 c c volumetric flask Fill the flask half 
full with distilled water, and add 10 cc of two thirds normal HjSO, and 
Icc of 40 per cent formalin Dilute to 250 c c volume and mix The diluted 
standard should keep for a month, 5 cc contams002 mg uncacid 
(f) Uric acid reagent Transfer SO cc of S5 per cent phosphoric and, 
andlfiOcc of distilled vsaterioaSOO c c pyrex flask Heat nearly to boiling 
and add lOO Cm of sodium tungstate The mixture begms to boil from the 
heat of the reaction Boi! gently and continuously over a microburner fer 
one hour Close the tube cviih a funnel covered with a 200 cc Florence 
flask filled with water Transfer 25 Cm of lithium carbonate toa liter beaker, 
add SO c c of 8a per cent phosphoric acid, and 200 c c of water Boil o2 
the CO}, and cod Mix the two solutions, and dilute to 1 liter 

(d) Sodium cyanide solution, 15 per cent, in tenth normal sodium 
hydroxide Let stand two weeks before using 

Methed~-i Transfer 5 cc of protem free blood filtrate (p to a 
test tube graduated at the 25 c c nark Fohn advises the use of Lthium 
oxalate (p 373) as an anticoagulant 

2 Transfer 5 c c of the diluted uric acid standard (b) to a similar tube 

3 Add to each test tube 2 c c of water, 2 c c of the evanide solution 
(from a buret), and exactly I cc of uncacid reagent If a cloudy pr* 
cipitate forms add 5 c c of water to each tube instead of 2 c C. Mix and 
let stand for exactly two minutes 

4 Heat in a boiling water bath for only eighty seconds Cool and 
dilute to 25 c c 

5 The standard should first be read against itself m the colonmftef. 
and then the standard set at 20 mm , and the unknown compared with it 
Readings between 40 and 10 mm (2 to 8 mg uric acid) arc dependable 

Colculatiim 


Reading of the Standard (20 mm ) 

ReadmTotiheUnUo™ X < - add or each 100 cc, 

blood 

FoUn’s Modified Method (a) Standard stock solution ol 
unc acid Dissolve exactly I Cm of unc acid in 150 cc of lithium cm 
bonalc solution as described in the old method using06Gm oflitbiurocar 
bonatt instead of 0 45 to 0 5 Cm Instead ol 25 c c of 40 per cert loimaW 
add only 20 c.c of 40 per cent formalin Add a few drops of methji ora^^ 
solution, and add slowly from a pipet 25 c c of normal suilunc acid Toe 
‘ FoUn, 0 An Improved Method for the Detenmnauon of Unc Aad In the 
Jour Bwl ai«si,W 174-J6? (Uoj) 1930 



CHEMICAL EXAMINATIONS 


373 


solution should turn pini. just before the last 2 or 3 c.c of acid are added 
Dilute to exactly 1 liter Mix thoroughly, tightly stopper, and keep stored 
away from the light 

(6) Diluted unc aad standard Dilute exactly 1 c c with water only 
to exactly 2a0 c c 

(c) Unc acid reagent (phenol free) (older method, see also new improved 
method below) Dissolve 100 Gro of sodium tungstate m 200 c c of water 
in a 500<.c pyrex flask Add slowly, with shaking, and thorough coohng, 
20 c c of 85 per cent phosphoric aad Pass a slow hvdrogen sulflde current 
through the solution for inenty minutes, and dunng the process (at the 
end of three or four minutes) add another 10 c c of 85 per cent phosphonc 
acid Filter through a good grade of quantitative filter paper (Whatman 
No 41) , collect the first 40 c c of filtrate sejKirately, and pour back on the 
filter Transfer the filtrate to a separatory funnel of I liter capacity and 
shake for two minutes with 300 c c of alcohol Transfer the lower layer 
to a weighed 500 cc flask Di<card the upfwr layer Make the mixture 
by weight up to 300 Gra by adding water Boil the solution a few minutes 
to remove the hydrogen sulfide Remove the flame, add 20 cc of 85 per 
cent phosphonc acid, and boil slowly for one hour, using a condenser to 
prevent concentration At the end of an hour remove the flame and de 
colonze with a few drops of bromine Boil off the excess of bromine and 
cool Transfer 12 Gm of lithium carbonate to a 500-c c beaker, add first 
25 cc of phosphonc acid, and then slowly 150 cc of water Boil to remove 
the carbon dioxide See that the carbonate is completely dissolved Cool 
the lithium phosphate solution Mix with the concentrated uric acid reagent, 
and dilute to 1 liter K^ep m wcH stoppered bro^yp^olt^b 

SimpUfed Vrte Add Rracfnt — II is possible to obtain sodium 
tungstate which is completely free from molvbfhle ' The following formula 
IS then much simpler than is that which was described previously 

Place 100 Gm of sodium tungstate (moKbdaie free) m a 500 Cc. 
Florence flask Dissolve 32 to 33 c c. of '>0 per cent phosphonc acid m 150 
cc, of water Add the diluted phosphoric acid to the sodium tungstate 
and shake the flask Add a few pebbles and boil gently for fifty to sixty 
minutes, using a 10-cm funnel to hold a 200-cc flask of cold water as a 
condenser Decolonre with a little bromine water, boil off the surplus 
bromine, cool, and dilute to 500 c c with d «iilled water 

Test Unc Acid Rtaitni — Place 5 cc ^ a er m a test tube Add 4 cc. 
of unc acid reagent and 10 cc urea cyanide solution Mix and let stand 
for fifteen minutes If a blue color forms, the most probable cause is the 
use of too much phosphonc acid It may be possible to adjust the reagent 
by adding not more than 5 Gm of soilium tungstate and filing again for 
ten or fifteen minutes Decolorize with bromine water if necessary, cool, 
and dilute to volume 

(d) Lithium oxalate Transfer 50 Gm of lithium carbonate and 85 Gm 
of oxabc aad to a 3-hter beaker Pour on the mixture about I liter of hot 
* Mallinerodt Chemical Company St. Louis, hlissoun FoUn’s Libomloty Manual 
of Biological Chemistry, Ed. S 1934 p 293 
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dissoh-ed. coo\ under Tunwng water and transfer to a 1 liter volumttnc 
flask Dilute to about ^00 c c Add 25 c c of 40 per cent formalin shake 
and acidifj v.ith 3 cc glacial acetic acid Shake to remove most of the 
COj, and add distilled nalcrevaclly to the liter mark, and muc bv shaking 
This stock standard solution wiU keep for several months, but should be 
placed m small ughily stoppered bottles, and kept m a dark place Each 
cubic centimeter contains 1 mg unc aad 

(b) Diluted unc acid standard Transfer, with an Ostwald pipet, 1 
c c of the stock standard to a 2o0 c c volumetric flask Fill the flask half 
full nith distilled water andoddlOcc of tiro thirds normal HjSO, and 
Icc of 40 per cent formalin Dilute to 250 c c volume and mu The diluted 
standard should keep for a month 5cc contains 0 02 mg uric aad 
(() Unc BCid reagent Transfer 50 cc of 85 per cent phosphoric acid, 
andldOcc of distilled water to a ICO cc p>Tex flask Heat nearly to boilmg 
and add 100 Cm of sodium tungstate The mixture begins to boil from the 
heal of the reaction Doil gently and continuously over a microbumer for 
one hour Close the tube with a funnel covered with a 200 cc Florence 
flask filled wnh -Baler Transfcr25Cro oflnhiumcarbonaletoabierbeakH, 
add SO c r of 85 per cent phosphoric acid, and 200 c c of water Boil off 
the COj and cool Mix the two solutions, and dilute to 1 liter 

(d) Sodium c>anidc solution, 15 per cent, m tenthnormal sodium 
hydroxide Let stand two weeks before using 

Method— \ Transfer 5 cc of protein free blood filtrate (p 362) to a 
test tube graduated at the 25-cc mark FoUn advises the use of lilhiun 
oxalate (p 373) as an anticoagulant 

2 Transfer 5 c c of the diluted unc acid standard (b) to a similar tube 

3 Add to each test tube 2 c c of water, 2 c c of the ci'anide solutioa 
(from a buret), and exactly I cc of uric acid reagent If a cloudy pre- 
apiiate forms add 5 c c of water to each tube instead of 2 c c M« and 
let stand for exactly two mmules 

4 Heat m a boiling water bath for only eighty seconds Cool and 
dilute to 25 c c 

5 The standard should first be read against itself in the colonintttri 
and then the standard set at 20 mm , and the unknown compared with it 
Readings between 40 and 10 mm (2 to 8 rog unc aod) arc dependable 

Calculation 


Reading of the Standard (20 mm) . . 

Reading rfu,eU„k„o™ X < “ ”>E ”"= 

Folin’s Modified Method > — Reagents — (a) Standard stock solution ef 
uric aad Dissolve exactly 1 Cm of one acid in 150 cc of lithium car 
bonate solution as described in the old method, using 0 6 Cm of litbium csf 
bonate instead of 0 45 to 0 5 Cm Instead of 25 c c of 40 per cert lorraalm 
add only 20 c c of 40 per cent fonaalin Add a few drops of methyl oran|« 
solution, and add slowly from a pipet 25 cc of normal suifunc aad The 
• FoUn, O An Improved Method for the Delerminauoa of One "Vad In the BVxA 
Joni DJol aieaL,WI7W87(W4r) 1930 



CHEinCAl. EXAMINATIONS 


373 


solution should turn pink just before the last 2 or 3 c-c of aad are added 
Dilute to exactly I liter Mix thoroughly, tightly stopper, and keep stored 
avra> from the light 

(i) Diluted unc acid standard Dilute exactly 1 cc with water only 
to exactl> 2o0 c-c. 

(c) Unc acid reagent {phenol free) (older method seealso new improved 
mediod below) Dissolve 100 Gm of sodium tungstate in 200 c c. of water 
m a 500-cc pjtcx flask Add slowly, with shaking, and thorough cooling, 
20 c c- of 85 per cent phosphonc acid Pass a slow hydrogen sulfide current 
through the solution for twenty minutes, and dunng the process (at the 
end of three or four minutes) add another 10 c c of 85 per cent phosphoric 
acid Filter through a good grade of quantitative filter paper (Whatman 
No 41), collect the first 40 c c of filtrate separately, and pour back on the 
filter Transfer the filtrate to a separatory funnel of 1 liter capacity and 
shake for two minutes with 300 cc of alcohol Transfer the lower layer 
to a weighed 500 cc flask Discard the upper la>er Make the mixture 
by weight up to 300 Cm b> adding water Boil (he solution a few minutes 
to remoxe the hjdrogen sulfide Remove the flame, add 20 c c of 85 per 
cent phosphonc acid, and faoil slowly for one hour, using a condenser to 
prevent concentration At the end of an hour remove the flame and de 
colonze with a few drops of bromine Boil ofi the excess of bromine and 
cool Transfer 12 Gm of hthium carbonate to a 500-cc beaker, add first 
25 c c of phosphonc acid, and then slowly 150 c c of water Boil to remove 
the carbon dioxide See that the carbonate is completely dissolved Cool 
the lithium phosphate solution Mix with the concentrated uric acid reagent, 
aad dilute to 1 liter ,Kfep m well stoppered browji^boltfes 

A'w, Smplijied Unc Actd Rranent — It is possible to obtam sodium 
tungstate which is completelj free from moUbchtc ' The following formula 
is then much simpler than is that which was described previously 

Place 100 Gm of sodium tungstate {moKbdate free) m a SOO cc 
Florence flask Dissolve 32 to 33 c c of 85 per cent phosphoric acid in 150 
C.C of water Add the diluted phosphoric acid to the sodium tungstate 
and shake the flask Add a few pebbles and boil gently for fifty to saty 
minutes, using a 10-cm funnel to hold a 200 c c flask of cold water as a 
condenser Decolonre with a hlilc bromine water, boil off the surplus 
bromine, cool, and dilute to 500 c c with distilled water 

Test Unc And Reagent — Place 5 c c water in a test tube Add 4 c c- 
of unc acid reagent and 10 c-c urea cj'anide solution Mix and let stand 
for fifteen minutes If a blue color forms, the most probable cause is the 
use of too much phosphoric acid It may be possible to adjust the reagent 
by addmg not more than S Cm of sodium tungstate and boding again for 
ten or fifteen minutes Decolonxe with bromine water if necessary, cool, 
and dilute to volume 

{d) Lithium oxalate Transfer 50 Gm of lithium carbonate and 85 Gm 
of oxalic aad to a 3-hter beaker Pour on the mLxture about 1 hter of hot 
‘Mali ncrodt Chemical Company St Loui^ Musoim, Folm’s Labotaloiy Manual 
of Biological Chemistry, Ed. 5 I9M p 293 
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w-ater (70® C ) Stir cautiously to avoid loss b> foaming until the evolution of 
carbon dioxide ceases Add 1 liter of alcohol and filter with a Bhchner funnel 

(e) Urea cj^imde solution Transfer 75 Gm of Merck s reagent sodium 
cjanide to a 2 bter beaker, add 700 c c of water, and dissolve b\ stirring 
Add 300 Gm of urea and stir Add 4 to 5 Gm of calaum oxide md stir 
for ten minutes Filter, preferablj on the following day Add about 2 Gm 
of powdered lithium oxalate (tf) shake occasioi\all> (or ten to fifteen minutes 
and filter for use 

Method — {Rcinsed in 1934 lolin Manual ) 1 Transfer a cc of unlaked 
blood filtrate to a 25 c c graduated test tube 

2 Transfer 5 c c of the standard uric acid solution (ft) to a similar tube 

3 Add 10 cc of urea c>anide solution (c) to each tube and mix bj 
whirbng the test tubes 

4 Add 4 c c of concentrated uric acid reagent (c), keeping tbe tubes in 
a vertical position Let stand for twenty minutes Dilute to volume and 
make the color comparison in a colorimeter with the standard set at 20 mm 

Colcvlatton 

20 

K»,Img of UnUc.™ X “ "S P« 100 c c of blood 

Phottlmtlric Dilfrminalion c/ Urte yfciif—Hoflman’ has developed a 
good photeloRietnc method for determination of unc acid by using Folin 
standard stock solution He preferred however, the Newton* acid reagent 
This reagent contains a highly chromogemc arsenotungstate 

AsflHo acps. CrsTEim e and Cvstinb 

Determination of Ammo-acid Nitrogen m Blood. — Danielson* has 
published a method for determination of amino acid nitrogen in blood 
It IS best performed with Folms unlalcd blood filtrate, as described 
on page 362 Danielson felt that by using laked blood nondilTusible 
amino nitrogen js also added to the filtrate and that it is undesirable 
to confuse the study of one fraction by including in the analjsis all 
the ammo nitrogen of the second fraction 

Reagents Required — (a) Stock standard amino-acid solutions 

(1) Dissolve 53 6 mg glycine m 100 cc of seven hundredth normal 
solution of hj drochlonc acid which contains 0 2 per cent sodium benzoate 
This represents 0 1 mg of amtoo-mUo^^per ruble centimeter 

(2) Dissolve 105 I mg glutamK acid m 100 cc of sev'en hundredtii 
normal solution of hj drochlonc aad which contains 0 2 per cent sodium 
benzoate This represents 0 1 mg of amino-mlrogen per cubic centimeter 

' Hoflman V\ S rhotelomelne Cbnical Clicmbtry kork Wm lloriu wd 
Company 1941, pp 101-110 

•bewton Fleanor r A Chromogemc Tunijstate and Its Use In the Determlnat)®" 

of Unc Aad of lilood Jour lliol Chein J20315 J29(Aup) 193* 

• Damelson I S Amino-acid Kitiogen in Blood and Its Delermioition Joar Bvil 
Chem^ Wf 505-522 Guly) 1931 
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(b) Standard amino-aad solutions for tests Place 15 cc of (1) and 
(2) of the above stock standards m a 100-cc \olumetnc flask and make 
up the contents to the 100 c c mark with sev'cn hundredth normal solution 
of hydrochloric aad which contains 0 2 per cent sodium benzoate This 
makes a 0 03 mg per cubic centimeter standard for use with unlakcd human 
Wood filtrate If a stronger standard is desu-ed for use with animal blood, 
or with laked human blood filtrate, take 25 c c each of (1) and (2) and 
make up to 100 c c v,ith the diluent This will mntp a standard containing 
0 03 mg per cubic centimeter 

(c) Boras solution Dissolve 1-5 Gm borax in 100 cc of distilled 
water 

(d) Bleaching reagents (1) Prepare a tenth molar solution of sodium 
thiosulfate which need not he standardized 

(2) Dilute 11.3 cc of ordinary 40 per cent formaldehyde solution to 
1000 cc with distilled water To 4 volumes of this dilute formaldebjde 
solution (fifteen hundredth molar) add 3 volumes of ore and a half normal 
solution of hjdrochlonc acid and I volume of gbcial acetic acid 

(e) Sulfate-tungstate solution should be Added to standard solution if 
unlived blood filtrate t$ used This is made as follows Dissolve 15 Gm 
of anhydrous sodium sulfate (Na SO ) and 1 o Gm of sodium tungstate lo 
1125 cc of distilled w-ater 

if) Beta naphthoquinone sulfonic acid solution Make a fresh 05 per 
cent solution in water 

\feilwd —The determination may be made with cither a or 10 cc of 
filtrate ^^henl0cc of filtrate are used proceed as follows 

1 Transfer 10 c c of filtrate into a test tube which is graduated at the 
25-c c mark Add 2 c c of borax solution (c) and 2 c c of freshly prepared 
solution if) Mix thoroughly 

2 Place 1 c c of standard solution (5) m a sunilar tube Add 9 c c of 
sulfate-tungstate solution (e) if unlaked blood fUroie is used use 9 c c 
of distilled water if laked blood filtrate is used Add 2 c c of (c) and 2 c c of 
if), and mix thoroughly 

3 Set both the standard and unknown mixtures in a dark closet for 
eighteen to twenty four hours 

4 Add 2 c c of acid formaldehyde solution (d, 2) and 2 c c of sodium 
thiosulfate solution id, 1) 

3 Dilute the contents of each tube to a volume of 25 c c with distilled 
water and mtx thoroughly 

6 Complete bleachmg of the excc^ qumone reagent will have taken 
place after four or five minutes Compare the color of the unknown with 
the 'tandard m colonmeler while the standard is 'Ct at 20 mm 

Cttfcidiition — ^This IS verv simple If the standard contains 0 03 mg per 
cubic centimeter, the factor is 3 for rog per 100 c c , and if the standard 
used contains 0 03 mg the factor is then 5 The formula depending on the 
20 20 

standard used » either — X 3 = mg per cent, or X 5 =» mg per cent 
R R 
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Cysteme and Cystine — These ammo-acids are produced by the diges- 
tjon or acid hjdroljsis of proteins Cj'steine is alpha amino beta thiolaciic 
acid and is easily oMdiaed to cystine, nhich is dicj'stcine In the tests 
which are described for these substances the reaction is for cysteine and 
cv'sline IS reduced to the simpler form with sodium cyamdc Cystine crwtals 
ma} be found in the urine {seep 134) Quantitative cystine determinations 
are of interest m studying sulfur metaboltsra 

Sullivan’s Method for Cysteine • — Reagents Reijuired “(e) One per 
cent sodium cyanide m an eight tenth norma! solution of sodium hydroxide 
Dissolve 1 Cm of sodium cyanide m SO c c of a normal solution of sodium 
hydroxide and 20 c c distilled water 

(b) Five-tenths per cent solution of sodium beta naphthoqumone-4- 
sulfonate in water 

(c) Fifteen per cent solution of sodium sulfite ^Na SO ) m half normal 
solution of sodium hydroxide 

(d) Two per cent solution of sodium hydrosidfite (NajSjOi) in half 
normal solution of sodium hydroxide 

Metlied—'l To 5 c c of urine add SO per cent hydrochloric aad unGl 
the urine is acid to Congo red paper 

2 Add 1 or 2 c c of freshly prepared 1 per cent sodium cyanide solu 
tion (a) 

3 Addlcc freshly prepared solution 0) hlix 

4 AddScc of solution (r) Mw and let stand thirty mmutes in the dark 

5 If a red color forms add I c c of solution {d) 

If the red color persists it indicates the presence of cysteine 
Cystine Determmaticn —The qualitative test is exactly the same as 
the test for cysteine, except that a 5 per cent solution of sodium cyanide 
in water must be used to reduce the cystine to cysteine After acidifying 
5 C.C of unne, add 2 c c of a freshly prepared 5 per cent sodium cyanide 
solution Mix and let reduction procc^ for ten mmutes at 20® to 20® C 
Then carry out the test as described for cy'steine 

Qnantilahte Test — Standard Solutions — (a) Dissolve 100 mg of cystine 
mlOcc of dccmormal hydrochloncacid with heat and make up to 100 cc 
(6) Use fresh, dear, normal unne for a control, and prepare seven 
tubes as follows 

Tube 1 — 5 c c unne (control) 

Tube2— 4 95cc urme + 005cc (a) = 005 mg cystine inScc 
Tube 3 — 4 9 c c urme + 01 c c fa) *= 0 I mg cystine m 5 c c 

Tube4 — 48 ccurme + 02 cc(a)«02 mg cysimein5cc. 

Tubes— 47 ccurme + 03 cc (a) ^ OJ mg cyatme m 5 c c 

Tube G — 4 6 cc urine + 04 cc(a)»s04 mg cystine in 5 c c 

Tube 7 — 4^ c c urme + 05 cc (a) = 04 mg cystine in 5 c c 

•SuSlvwi M X Sluri » on the UioehenttstTy ol Solphvt II rurthet Studio on 
the Distinrtlvr Reiciton for Cx^ieine and Cystine U S Publ enealth Reponi^KJ 
1428 Oune 14) 1929 The details of the procedure ss outlined were fumshed by vr 
Osterberg of 'Ihc Msyo Chnli-, *s he has adapted It for clmicol laboratory u« 
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Afell od — ^Treat the se\en standards in the same manner as the unknown 
unne m the quahtatne c>stemc lest given previously Put the standards 
and the unknovi-n Jn tubes of the same diameter and compare the unknown 
with that standard which has the nearest depth of color 

Multiply the number of nuiligrams m 5 cc of urine by 20 to obtain 
the miibgrams per 100 c c 

Serum PaoiEm ALBOMm-cLOBTaiH Ratio akk FisRiNOGEn 
Total protein in serum is determined by estimating tbe nitrogen 
content by the Kieldahl method The digestion is earned out in a 
Kjeldahl flask and the distillation of the ammonia on a regular Kjel 
dahl rack For the details of these well known chemical procedures, of 
which there are various modiiications the student should consult any 
recent textbook of quantitatne analyss The nitrogen also may be 
determined by the micro kieldahl method for nonprotem mtrogen, 
wbch is described on page 563 


v^otal Serum protein Determination. — 3fe//;od —First determine the 
total nitrogen » 

1 Place exactly 1 c c of serum m an SOO c c Kjeldabl flask Add 5 Gto 
of potassium sulfate a cr>'stal of copper sulfate andlScc of conceotrated 
suUuncacid Digest until tlie-soluuuojs light green m color 

2 \Vhen the flask coots All u about half full with ammonia free water^ 
add SO to too c c of 40 per cent sodium h>droMde 

3 Distill completely the ammonia that is formed m 20 c c of dem 
Domul solution of sulfuric aad which contains a few drops of Congo red 
01 a] rarin indicator * 


4 Titrate the partly neutralized decmormal sulfuric acid solution with 
decmormal solution of sodium hydroxide • 

Colcitlatiptt —One c c of a decmormal solution of sulfunc aad is equiv 
alent to 0 0014 Gm of nitrogen (20 — number cubic centimeters of deci 
normal alkali used) X 1 4 X 100 *= mg lota? nitrogen m 1(W c c of serum 
(It IS more accurate to carry out a blank determination making the back 
titration and using the figure obtained in place of 20 in the above formula 
Tor example if 198 cc of alkali are used then use this figure instead of 
20 ) The next procedure is to determme the nonprotem nitrogen 
Uelfod for Aionproietn Aitlrosen — ^Tbis is described on page 363 
The told protein equals (total nitrogen — non^rofein nitrogen) X 6 2a 
^■Albumin globulin Ratio— Albumm mtrogea Determination— (Kmgsley’ 
• If m step i in place of the dranonnat «>lui on of Bulfunc aad ■ 2 per cent solutfoo 
of bone aad Is used to wh ch has been added a doul te-d>e tnd cator given tn the footnote 
reference on page d6S Jn the proport on of i cx to every 60 c c of 2 pet eent solution of 
bor c aad the t tra on may be earned out wlh decmormal sulfunc aad instead of dea 
oormaj solut on of sod um hydroxide. The colcutatiao then Is titration X tiO » mg of 
total n irogen per 100 cx. — — — _ x 

*kjnssley G R. A Rap d Method for the Separation of Serum Aibozniii and Gtobuha 
Jour B cl Chem. W 731-735 (hUy), IMO 
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method) Method — 1 Place 15 cc of 23 per cent solution of anhjdrous 
sodium sulfate (stored in an incubator at 37® C ) id a 50 c c centrifuge tube 
Add exactly 1 c c. of serum 

2 Add 6 cc of ethjl ether (U S P) and stir the imxture vigorous!) 
with a glass rod for thirty seconds Cap the tube to avoid loss of ether and 
‘^Infuge at 2200 revolutions per minute for ten to fifteen minutes 

3 Slant the tube so that the tightly packed globulin lajer floating on 
the sodium sulfate solution is separated from the walls of the tube Insert 
a pipet through the ether layer along the lower wall of the tube and remove 
10 c c of the centrifugate 

4 Carry out the digestion, distillation, and back titration as for serum 
protein nitrogen determination* 

Calculolion — (20 — back titration) X 14 X 16/10 X 100 — non 
protein nitrogen = (20 — back titration) X 224 — nonprotein nitrogen = 
mg albumin nitrogen per 100 c c 

Protein nitrogen — albumin nitrogen = globulin nitrogen 

Albumin nitrogen per 100 c c X 6 25 = albumin per 100 c c of serum 

Globulin mtTogen per 100 c c X 6 25 ** globulin per ICO c c ol stiunv 

^the albumin globulin ratio (A/G) - 
^ ' ' ' Globulin per 100 c.c 

Tli«noTmdtolal.hroinnn65toSGm fterlOOce of serum Thtnormi 
A/Graliois l 7/1 fg 3/1 

' ' Fibrioof to — r ibnnogen in plasma may be determined b> the K)eld4hl 
method Estimate the total protein m the plasma, making the appropriate 
correction for nonprolein nitrogen The fibrinogen is estimated from the 
difference between total protein and the protein content of the filtrate that 
IS obtained after precipitation of fibrinogen by calcium chloride Fibrinogen 
IS increased m pregnancy, pneumonia and infections which are accom 
panied by leul ocytosis It is decreased in typhoid fever, in chloroform and 
phosphorus poisoning, and in acute yellow atrophy of the hver 

Fibrinogen Petermination — 1 Place 1 c c of plasma m a 50-c c 
graduated c) Under Add 48 cc of 09 per cent sodium chloride solution 
and 1 c c of 2 5 per cent solution of calcium chloride Mix and let stand 
for twenty jnmutes 

2 Break up the clot lliat forms with a glass cod, and filter The clot 
may be removed by wrapping it around the glass rod by rotating it m the 
cylinder 

3 Determine the protein content of the filtrate by first 
nitrogen content by the Kjeldahl method 

Calculation — Total protein in plasma — protein in fibrinogen free 
»= fibnnogen The normal amount of fibrinogen m plasma is 0 3 to 0 
per cent 

^ ^alhnR Drop Method of X?rlgrmmi»g Total Prolnn — The total protein 

• See footnote reference (•) for total senim protein determination The 
tvould then be titration X 224 — tie nonprotcin nitrogen tog of albunun oftroge 
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m scrum or plasma may be detennmed by measunng first the specific 
gravi ^ b y the falling drop method as described b'y Ivagan ' i bere ira linear 
relationship between {riT^pecmc^ravity''aifH'The protein' content Fig 
189 illustrates the use of an apparatus for determining the specific gravitj 
by this method - 

— Scudder* described this method of estimating the amount of total protein 
m the treatment of shock — — 



Vg J89 — ^The ‘ /ailing metbod ol dtlenruaing total protein 




Lmns CHOtESTEROL. Cholesterol Esters, and Lecithir 


In certsts ^isi^ases the stifdy oif fat fi^taheiisso has assumed ccw 
siderable importance 

estimations of total lipids, or more often, of cholesterol, cholesterol 
esters, or leathin, hate become dtnical laboratorj' procedures In- 
creased cholesterol \alucs are found in chronic and acute nephntis , 

'Kagan, B M A Simple Method tor the tjUmalion of Total BroteJn Content ol 
Plasma and Serum I A Fallmg Drop Metbod for the DetenmnaUon of Specific Cravnly 
II Tile Cstimatfon of Total Protem Content of Human Plasma and Senjm by the Use 
of the Falling Drop Method Jour CUn Invest. /S' 3fi0-376 (July), 1918. 

* Scudder John Shock Blood Studies u a Guide to Therapy Philadelphia. J B 
fJppincolt Company 1940 IZSpp 
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and are of diagnostic significance m chronic nephrosis which is accom 
panicd b\ a de c rease in the biood urea In diabetes there_nnx_b?Jia 
increase of cholesterol in the blood w hich is reduced mlh the use of 
insulin Tnhpcmia . the vatues for the |ipids are very high Other 
conditions which are accompanied by h ypercholesterolemia ar c preg 
nancy cholelithiasis, and hy pothyroidrsm On the other hand, .Ky^r 
thyroidism is characterized by low cholesterol. finding In studies on 
blood lipoids, Epstein and Lande‘ demonstrated that the blood 
cholesterol is hi^ h when the basal metabolic rate is low and that it is 
low wrhen the basaTtnetabolic'rate^s high Mason, Hunt and Hurxthal’ 
concluded that there is no delmite ^rrelation between cholesterol 
and the basal metabolic rate but that the changes in cholesterol 
content were very significant There is a markedly elevated_blood 
cholesterol in true myxedema which is reduced with administration 
of thjroid extract (jreenc^ Hotz and Leahy’ found that patients with 
evident hepatic damage .h s d.dccreased combined cholesteroLm the 
blood.. At times there also a dccrca^ in the t:otal ch^estcrol but 
the ratio between cholesterol and cholesterol esters is not as diag 
noslic aa the total amount of esters Progressive decrease m cholesterol 
est^ in hepatic disease'is a poor prognostic sign 
>/oetermioaHon of Blood Cholesterol — The method is that which 
has been described by jloor. * and which is dependent on the Liebcr 
man Burchard fflor reaction produccd_bv _^ trcatjng-ch cil esteroLwt h 
a cetic anhydride and sulfiTric acid Ifa ^ormal am ount is 165 to 260 . 
mg per 100 c c of plasma — — — — 

Rfageiils Rrquirrd —( 0 ) Alcohol ether Mix 1 parts of pure gram alcohol 
(95 per cent) wnih 1 part of ancsihes a ether (redisUUid) 

(b) Chloroform (Mallmckrodt rcdtsUUed) 

(c) Concentrated sulfuric acid 

(«0 Acetic anhjdnde 

(e) Standard solutions "N, 

(1) Stock standard Dissolve exactly 200 njg~*of pure*cholestferol in 
exactly 200 cx chloroform ( 6 ), I cx» »» I mg cholesterol 

* Epstein A A and Lande HentMum Stud es on Tltood TJpoid*. I The 

ot Choleterot and Protein Deficiency to Ua«at Mewboaiin Arch Ini Wed. 30 5h>-5/ 
(Nov) 1922 . . 

• Ma»n R U Ttunt H W and Uurxlh-U L M Blood Chole«ierot U'un U 
nyperihyro tl «n and IIvpnth\ro disni— Thew S gn Ccatice Nevr EngUod Wed jou < 
20J 1273 1278 (Dee 251 1910 

Treene CH Hots R ehant tndlxahy Evelyn Cl nlcal \alue of Determ n*l « 
of Ctiolestero) Esten of Blood in Ilepitlic Dieease Arch Jnt- Wed dJlU 01 Hd(Juw 

‘BIoot,W R TheDetemuoaUoaofClioIesterallti Blood Jour Bol Cbea^J-f^^ 
Ut, 1916 
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(2) Dilute Standard Take eractly 10 cc of stock standard (1) and 
make up to 100 c c T.ith pure chloroform (6) Sec =» 0 5 mg cholesterol 
Melhod — 1 Place 75 c c of reagent (a) in a 100-c c volumetnc flask 
Add slotil}, from a xolumetric pipet, exactlj 3 cc of plasma or serum 
Keep the contents of the fla«k. in constant motion to avoid clumping of the 
precipitate 

2 Raise the temperature of the contents of the flask to boiling by placing 
in a water bath, constantlj shake 

3 Cool to room temperature, and make up to 100 c c with alcohol 
ether solution (o) Filter, and place the filtrate in a tightly stoppered bottle, 
if It IS not con%cnient to cam out the next step at once 

4 Measure 10 c c of the filtrate into a small flat bottomed beaker, and 
evaporate just to drvuess on a water bath or electnr stove 

5 Extract the cholesterol from the drv residue by boiling three or four 
times with successive small yiorlions of chloroform (b), and decanting the 
extract into a calibrated 10 c c ghsvstoppcred, graduated c>lmder Make 
the combined extracts up to 5 c c with chloroform fi) 

6 Measure mlo a similar lO-c-c c>luider exactly 5 cc of standard 
cholesterol solution (e, 2) 

Add to each of the solutions 2 cc of acetic anhjdnde (d). and 01 cc 
of concentrated sul/unc aad (c) Mu bylnverting the stoppered cylinders 
several times and place in a dark closet for ten minutes Read the unknown 
m a colorimeter against the standard which is set at 10 mm 
Celculalton 

10 100 

5 — 1 TTTT X 0 5 X rCTTR X 100 = mg per 100 c.c 

Reading of Unknown 3 X 10 ^ 

■x/^etenmnation of Cholesterol Esters — The method of Bloor and 
Knudson’ depends on the determination of cholesterol by the Bloor II 
method, which has been tlescnbed previously and on the precipitation of 
the free cholesterol with digitonm, and on the extracting of the esters with 
petroleum ether 

Reagents Required — ^The reagents are the same as those which are used 
for the determination of cholesterol (c), (b), (c), (d), (e) 
iO One per cent alcoholic solution of digitomn 
(g) Petroleum ether 

itelhod — 1 The total cholesterol is delermmed by the method desenbed 

2 Place 20 c c of alcohol-ether extract (see step 3 in previous test), la 
a small fiat bottomed Erlenmejer flask Add 1 c c of digitonm solution (/) 
(Digitonm cholesteride, which is insoluble in petroleum ether, is formed with 
the free cholesterol ) 

3 Evaporate jKjf /<? drjTiesj 

4 Extract the dried residue with successive small amounts of petroleum 
ether (boilmg below 60° C ) It is best to start with about 15 c c, of solvent, 

I Btoor, W R., and Knudson Arthur The Seponte Determination of Cholesterol 
and Cholesterol Estets tfl Small Amount* of Blood Jour Biol C2iem., ^ 107-112 2916 
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cover the flask wth a \vatch glass, and boil gently until about half the liquid 
IS gone The succeeding extracbons are made m a similar manner, using 
7 to 8 c c of petroleum ether 

5 Evaporate the combined extracts, which contain the cholesterol 
esters , to dryness, and follow the same procedures as in steps 5, 6, and 7 
m tile preceding method 
Calailation 


5 — 7 X 0 5 X X 100 » mg cholesterol esters per 

Reading oi Lntao™ 3 X 20 lOO c c of phsma or blood 

Total Lipid m Blood Plasma — It is sometimes desirable m certain 
diseases, sutij as atlhntis or diabetes, to determine the \*alue for total hpids 
and the cholesterol by the method described and to calculate the value for 
the total fatty acids, which is usually about tivicc that of the cholesterol 
Tor example, if the value for cholesterol is 175 mg per 100 c c of plasma, 
the stilue for the total fatty acids would normally be about 350 mg per 100 
c c , and that for the total Upids would be about S2S mg per 100 cc of 
plasma 

The method for the determination of the total lipids is somewhat mors 
tedious than those methods which have been described for the dclermmalion 
of cholesterol and lecithin, although the principle can be readily understood 
by carefully following the steps in the method which has been devised 
by Bloor ‘ 

Mater bath that can be maintained at S8* to PO® C or an 
electrically heated hot air oven that can be raainumed at that temperatiire, 
and a glass stoppered, 125 to 150 c c digestion flask 

Reagents — See reagents required for cholesterol and cholesterol esters 
it), (6), (c), (d) and («) ([/J is not u*cd lo this test ) 

(g) rctroleum ether Bod below 60® C , wash with concentrated sulfuric 

aad and redistiU 

(/i) Sodium eth>Iatc, approximately normal Dissolve 2 to 3 Cm of 
clean metallic sodium in 100 c c of absolute alcohol Keep the solution cool 
during Its preparation and store m a cool dark place Discard when dis- 
colored 

(i) Dilute sulfunc aad Take one part of concentrated sulfuric and (c) 
and three parts of distilled water 

(j) Sulfunc acid reagent Diaolve 5 Gra of siher nitrate m 23 cc of 
water m a 100 cc centrifuge tube Add 5 Gm of potassium dichromate 

dissolved in about 50 c c of water Removetheprecipitatedsilverdichromete 

by centrifugation W'ash twice with water, then centnfuge to remoi'C the 
nitric acid Dissolve the precipitated cake of siher dichromate mihout 
drjing in 500 c c of concentrated sulfuric aad (c) 

(i) Normal solution of potassium dichromate 
(0 Twenty per cent solution of potassium iodide 
' Bloor, W R The PetenmuelwR of Small Amounts of Lipid tn Blood Plas®^ 
Jour Biol Chem. 77 O-li (Apr ), 1928 



CHEMICAL EXAMINATIOVS 383 

(m) Tenth nonnal solution o! sodium thiosulfate 

(«) One per cent solution of stardi 

Mtihod — 1 Make an ether alcohol extract as desenbed for determination 
of cholesterol on page 8S1, using 3 c c of blood plasma 

2 Measure 15cc of thcalcobolctberextract intoa lOOcc Erlenmejer 
Hast. Add 2 cc of sodium eth>latc (A) and e\’aporate on the water bath 
until there is no odor of alcohol Sviccp the traces of alcohol vapor from the 
flask b> a gentle current of air, leaving the residue past> but not dry 

3 Add 1 c c of dilute suUunc acid (i) Heat on tlie water bath for one 
mmute and add to the hot mixture 10 c c of petroleum ether (g) Rotate 
the flask gently on the water bath for two or three minutes Pour off the 
solvent completely from the n'atery residue into a 25 c.c vulumetnc flask 
Repeat the extraction two or three times, using See portions of petroleum 
ether, washing dovvTi the sides of the flask and pounng off the solvent 
completely until the volumetric flask is neatly full Cool to room temperature 
and flU the flask to the 25 c c mark 

4 Measure 10 c c of petroleum ether extract mto a 125 c c glass stop- 
pered digestion flask Fvaporate the solvent and blow out the last traces 
with a gentle stream of air Add S cc of the sulfuric acid reagent (J) Add 
3 ec. of normal potassium dichromate (A) rotating the flask Prepare a 
control containing all of the reagents except the extracted fatty material 
and run along with the samples under exactly the same conditions Loosely 
stopper the flasks and set on the steam bath or in the hot air oven at 88^ 
to90^C After five minutes removeandrotatetheflaskstomixthecoRtents 
Then tightly insat the stoppers and repbee the flasks in the oven for a total 
of sixty minutes Remove the flasks and without cooling add 75 cc of 
distilled water 

5 Add 5 c c of 20 per cent solution of potassium iodide (/) and without 
stirring run in tenth normal solution of sodium thiosulfate (m) while rotating 
the flask gently There will be a white precipitate formed by the silver, but 
this does not interfere with the end point of the titration \\hcn the titration 
IS nearly complete, add a few drops of 1 per cent solution of starch («) The 
solution will turn a muddy, dark blue Continue the titration until the starch 
indicator suddenly turns a clear light blue (aqua color) Then carry out the 
titration on the blank m the same manner The difference between the titra 
Uon of the blank And theaanvde will ictJbeaxoount of tenth normal solution 
of dichromate used by the fatty material in the oxidation 

6 Determme the amount of cholesterol m the alcohol ether extract in 
the usual manner 

Calculaitcn — ^Titration of the blank minus the titration of the sample 
IS the equivalent to 9 55 c c of tenth normal solution of potassium dichro- 
mate As I mg of cholesterol requires 3 92 c c. of tenth normal solution of 
dichromate for complete oxidation multiply the number of milhgrams in a 
10 c c aliquot (or 0 36 c c of plasma) by 3 92 Subtract the cholesterol 
equivalent m cubic centimeters of didiromate solution from the number of 
cubic centunelers of dichromate equivalent required for complete oxidation 
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Tbf result equals the equn-alent for the total fatly aads Du ide this number 
by 3 6 and the result will equal the-«eigbt ol the total fatt> acids m the 10 
cc aliquot The final aliquot represcnls036 c c of plasma (3cc of plasms 
dissolved m 50 c c la c c taken equals 3/aO X 15 = 0 9 c c of plasma 
0 9 c c of plasma m 25 c c petroleum ether, 10 c c taken equals 10/2a X 
0 9 0 c c of plasma) 


Formula 


100 X weight 0 ! faU> acid in aliquot 
036 


total fatty aads 


(milligrams per «nt) Total fatty acids (milligrams per cent) + cholesterol 
(rmlltgrams per cent) =■ total lipid (milligrams per cent) 

Detenzusatjon of PhosphcUpIds — ^Thc method for the determination of 
lecithm (hpoid phosphorus) m blood that is now preferred is that of \ oung 
burg and Youngbuig * Lecithm contains about 4 per cent of phosphorus 
The normal amount of lipoid phosphorus in nhole blood is 12 to 14 mg, or 
300 to 350 mg 0 ! lecithin for each 100 cc About half of tins is to the 
corpuscles 

Jtetjgerls Hequir^d —All solutions must be made with phosphate fret 
water If a blank determination guesa blue oilot, the cootammated reagent 
must be detected and eliminated 

( 0 ) Alcohol'ether mixture Mix 3 parts of pure ethyl alcohol (95 pet 
cent) with 1 part of ane8the«ia ether (redistilled) 

(1) Sulfuric acid, 10 N Add 4a0 cc of concentrated sulfunc acid to 
1200 c c of water Titrate this solution with normal sodium hydroxide aad 
dilute to nuke a 10 N solution of sulfunc acid 

(c) Thirty per cent hydrogen peroxide Merck's supcroxol, blue label. 
Purchase In 50-Gm containers and keep m the refrigerator 

(d) Molybdate sulfunc acid mixtures Woke a 7.5 per cent soluUon of 
sodium molybdate (Baker’s P free) 

(A) Mix 50 c c of 7 5 per cent sodium molybdate with 50 c.c of 10 
N sulfunc acid (6) 

(B) Mix 50 c c of 7 5 per cent sodium molybdate mth 25 c c of 
water and 25 c c of 10 N sulfunc acid (6) 

(e) Stock stannous chloride solution Dissolve 15 Gm of stannous 
chloride, cp, in 23 c.c concentrated chemically pure hydrochloric acid 
Store m glass-stoppered brovm bottles Prepare fresh solutions each month 

(0 Dilute stannous chloride solution Dilute 1 c c of stock solution (A 
to 200 c c with wxlcr, mw neJI Discard any unused solution 

'vS) ^'ittTiiSaTi lAjMqfrrtiyt: w7rtA.wn IWsiidfvt C>w* 9-*^' 

dried monopotassium phosphate (Bakers analyzed) in distilled water 
enough to make 100 c c (1 c c 1 mg of phosphorus) To prevent the 
formation of mold add a few drops of chloroform 

*\ounEhutg G C sndXoungKut; MuneV Pho»pboni» Metabolism I 
of Blood I hosphonu AnaJynts, Jour t^sb and Oin Med /d 158-166 (Oct.) TW 
tBod fcatloai in technic are those developed by Clizabetb Meciay Section 
Ouuca! Cbetnitiry Mayo Chmc. 
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(A) Dilute standard phosphate solution For use m the test dilute 
2 c c of stock standard solution (x) to 100 c c (1 c c *= 0 02 mg of phos- 
phorus) Make fresh ddule standard e\crj tl ree or four days 

Mtll od — I Place 33 c c of alcohol ether mixture (a) in a SO c c volu 
metric flask Add s]o^^Jy from a volumetric pipet exactly 3 c c of plasma 
of serum Keep the contents of the flask m constant motion to avoid clumping 
of the precipitate 

2 Raise the temperature of the contents of the flask to boding by placing 
m a vrater bath shake conslantlj 

3 Cool to room temperature and male up to SO c c snth alcohol ether 
mixture (a) Filter 

4 Transfer S c c of alcohol ether extract to a pyrex test tube fl80 X 18 
mm ) graduated at 15 c c Add one or two ghss beads and evaporate the 
extract to drjTiCM by plaang the tubes m a boding electrc water bath 

5 Add to the residue 0 5 c c of 10 N sulfurc acid lb) and digest over a 
micro-burner with the tube in a slanted position until the organic matter 
IS carbonized Cool Add two drops of perhjdrol (c) heat on micro burner 
again Cool If not clear add one or two drops of perhydro! and heat again 
Sweep out the last remaining fumes of perhydro! by passing the tube 
through an open flame two or three times to heat it all the way to the top 
Cool 

6 Add 2 ac. of water Heat to boding to convert the metaphosphate 
or p>Tophosphate to orthophosphate Add 4 cc of distilled water and 2 
c c, of molybdate-sulfuric acid reagent (d B) 

7 To another tube transfer 1 cc 0 / standard phosphate solution (A) 
Add 4 c c of water and 2 c c of molybdate-sulfuric acid reagent (d A) 

S To each tube add I ec of ddute stannous chloride solution if) 
Dilute to the 15-c c mark mix quickiv and after 1 minute compare in the 
colorimeter with the standard set at la mm 

Colculalton 


la 

Reading of Unknown 


X 0 02 X 333 


mg phosphorus per 100 c c X 25 =» 
mg leathin per 100 c c 




BtOOD COLORIDES 


The normal amount of sodium dilonde m the whole blood is 
0 45 to 050 per cent The plasma howeier contains 055 to 0 65 
per cent In nephritis eclampsia anemia and at times m malignant 
conditions and cardiac disease the chlonde content of the blood is 
above normal In cases with fever m diabetes m pneumonia and 
m severe toxemia mth obstructions of the upper gastro-intestmal 
tract the blood chlorides are low In the treatment of this last con 
diUon the admmistration of sodium chlonde along with dextrose and 
water, has been found of value 
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Many metiiods have been devised for the estimation of blood 
chlorides The two methods described ha\e proved very satisfactor) 

Method of "Wilsoa and Ball * — Reagents Required — (a) Standard siHer 
nitrate solution (fifteen hundredths normal) 

(i) Concentrated nitric acid 
(e) Fi\e per cent feme alum solution 
(d) Fiftietli normal solution of ammonium thiocyanate 
Method — I Place 1 cc of serum, or whole blood m an Etlcnmejet 
flask Add 1 c c of standard silver nitrate solution (ff)r and 3 c c of nitnc 
acid {b) 

2 Digest for from fifteen to forty minutes m a boiling water bath 

3 Add fi c c of (c), and cool to room temperature, or below, tlie colder 
the solution the sharper the end point 

4 Titrate mth (d) Carry titration until 1 drop causes a color change 
v\hich persists for vtaut one minute at room temperature The end point 
IS sharp 

CaifiiloliOTi — bt)l lobt>4 c c is subwacted Irotn t,V»e YitmtiDn to tmtxS. 
for the amount of thiocj'anate required to give a suitable end point in the 
presence of the silver chloride and thioc)anate, the nitric acid, and the 
ivater (Blank titration (7 5j — back titration) X 0 711 X 100 ^ mg 
chlorine per 100 c c (7 5— back titration) X I 17 X 100 mg sodium 
chloride per 100 c c 

Plasma Chlorides Method of Osterberg and Schmidt ^Reagents 
Required —(a) Silver nitrate solution Dissolve 4 791 Cm of chenuevUv 
pure silver nitrate m distilled water, and dilute to 1 liter in a volumetric 
flask (1 c c 18 equiralent to I mg of chlonne) Preserve m a brown bottle 

(b) Potassium sulfocjanate solution Dissolve about 3 Cm of potassium 
sulfocyanale (KCNS) m I liter of w’aler Standardize this solution against 
the silver nitrate solution so that 5 c c is evactly equivalent to 5 c c of the 
silver nitrate solution 

(c) Ferric ammonium sulfate, 20 per cent solution 

(li) Nitric acid solution One part nitric acid added to 3 parts of water 
Method — I Place mactly 1 cc of plasma m a 125 cc Etlcnmej'et 
flask Add slowly 10 c c of (d) from a buret, Sgitatmg the flask to form a 
white, flocculent precipitate 

2 Add 5 c c of silver nitrate solution («) and 1 c c of feme ammonium 
sulfate (r) 

3 Back titrate the excess siU'er with potassium sulfocyanate (b) 
Calculation — Five — number of cubic centimeters of (J) used in tilrat'on 

X 100 = mg of chlotine for each 100 cc of plasma Multiply b> 1 w to 
obtain mg of sodium chloride per 100 c c of plasma 


' UTIson D and RaU E G A Study of the Estimation of aioricte In 
and Serum Jour Rml Chcra , 79 221-227 (Sept.) 1928 _ , 

• Osterberg A E , and Schmidt Edna V The Estimation of Plasma Chtonaa 
Jour Lab and Qin Mc<L. 172-175 (Oct) 1927 
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Pholelomdrtc Detcrtmnabon of Chlorides — Hoffman' has modified the 
Sendroy’ method for determination of chloride He stated that this method 
has been one of the most accurate and satisfactory methods 

Blood sdoab 

In health, the blood contains about 100 mg of a reducing sub 
stance calculated as dextrose in each 100 cc. By the Folm and_W u 
method, 90 to 120 mg has been widely accepted as the upper^d 
loSeTIimits of normal, respectively Higher values constitute hper 
slyceinta These figures are based upon blood taken m the morning 


GeTore breakfast 


drates there is a slight ris e, “noimal alimentary hyperglycemia ” 
Under ordinary ronditions the kidneys allow only negligible traces 
of sugar — too small for detection by the ordinary clinical tests — ^ 
pass out mto the unne ^Vhen, however, from any ca use the blood 
sug ar progressively rises , a point is finaby inched when the Udn^s 
no longer hold the sugar ba^ but begin to excrete it actively, a nd 
It then appears in the urinT in notable Quantities The Domt at which 


the " renal barri er” i s overcome is called the "renal threshold fo r 
sugar,” a lthough the nature and significance of the phenom 
no t well underst ood The threshold vanes considerably in differ ent 
p ersons and under \anous co nditions — »& for exam ple^ ^en 

d iuresis exi sts — but is ordinanly_a bout 170 to 180 mg blood sugar 
for each 100 c c of blood, it may be as Ion as 140 mg in apparently 
healthy individuals Obviously, then, the appearance of sugar in the 
urme in any gi\en case is the resultant of two factors (c) The blood 
sugar concentration and (3) the renal threshold , 

Ingestion of approximately 100 C m of glu cose causes a sharp n se 
of blood sugar to about 150, or even 160 mg , m each 100 c c m one- 
half to o ne h our, the exact time depending somewhat upon the rate 
of absorption, ivith a gradual return nearly or quite to the onginal 
lev el by the end .of the ^cond^oi i^ Sugar does not appear in the 
unne A higher nse or a slower return to th e normal, s ometimes with 
t he appearance of sugar in the unn e. occurs in a number of pathologic 
conditions to be mentioned later This is known as the “ sugar to ler- 
anc e tes t,” but the name is ^mewhat confusing, since low tolerance 
result^in a high bloo d sugar curve and high toleran ce m a low flat 
curve The rate of absorption influences the height of the curve and 
the time at which this is readied, but does not usually materially 

* Hodman, W S Photelomctnc Oiniral Cbecoistiy New York, \\ m. Moms and 
Company, 1941 pp 129-137 

*Sead»v Jul)U5 Jr Pbotoeleclnc Miaodelenmnauon of ChJonde and BioJog ral 
n lids, and of Todate in Protein free SolutKma. Jour Biol Oiern I30 <j 0S-623 (Oct.), lOl* 
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affect the type of curve Carbohydrate restnction of the diet will 
cause a marked delay in the rate of utilization by a norma! individual 
The antecedent diet should alTva)S contain a normal amount of car 
bohydrate before undertaking a sugar loTerance test 


bohyd: 

yxhe 


The eugar tolerance test is earne d out as folloiss ‘ 

1 Dinxt It e patient to take n^food after 7_r.JL 

2 On -tire following morning obtain blood for determination of the 
fasUng bl ood sug ar, and give tlic_p at ient 1 75 Gm.de xt rose in solutio n fer 
e ach kilopmm (2 2 pounds) of hts body weight Many T^orkers give lOQ C m 
o f dextrose to all nalien ts Some paiienls fnd it impossible to Teum so 
much The solution is best taken col d I t is prepared by dissolving pu re 
de:ttrosc m water in the proportion of lO cc ^1 w^tcr for each 4uTn_p ! 
d extrose and adding the i ui^ of a lemon for fla\ortn g 

3 Secure blood for sugar determinations at the end of the first half 
hour and the first second and third hour In routine work it mil generally 
suffice tn take bfood at the end of the second-amTthi rd hours on ly It may 
be possible to enter the vein several turn through the same puncture 
Estimate blood sugar and plot a curse 

4 C ollect a twenty four liour_s ample of urine, beginning at the time 
the glucose is given and make qualitative and quantitative tests for glucose 

Exton and Kose' have proposed a modification of the sugar tolerance 
test, and definite entena for interpretation This method is based on the 
law that when more sugar is adraimsiered to norm al indwduat s^ more 
sugar will be utilised while the reverse is_truc m diabetes The test is u 
follows Dissolve 100 Cm of dettrose m 650 c c "ol water Flaw with 
lemon and divide into two portions 

1 Collect the fi rst blood and urme samples, and give the first dose of 
dextrose (50 Gm 

2 Thirty minutes later collect the second bloocLsample, and gi« the 
second portion-of dextrose (50 Cm ) 

3 Thirty mmutes later collec t the third blo od sample, and the second 
unnejatnple 

4 The patient is given a container for a third sample of unne which is 
the next unne voided if considered desirable 

With this method the typical critena of normal response are (a) A 
fasting blood sugar within normal limits (i) an increase in blood sugar of 
not more than 7s mg in the Ihirt) minute blood sample (c) a further p« 
of_nol more than 5 mg irulie siMy minute blood sample and there may w 
even a fall of The samples of unne shDUldJioUrevealjugar wt 

Be^clicl’s test The chief entermn for diabetes mellitus is m the con 
siJeratmn of the si xt^ mi n ute blood sample If there is a steep rise of po 

A Blood Sugar Tolnflace Tc*t, Jour Am 


• Janney N W and Isaarson V 
Assn. 70lUt Utt(Apr JO) tm 

* Ellon M C and Rose A K One Ilour Two-dose Dextrose Tolerance 1 
Am Join CLn Path d 381-399 (Sept) 1934 
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less than 10 mg abo\'e that which occurs in the thirty minute sample and 
if sugar also appears in the unne the lest i> diagnostic of this diseas e In 
renal gKcosuna blood sugar follows the normal curve thou gh su g ar ap pears 
in both t he first and seco nd samples oHinne while in alimentary gljcosuria 
the blood sugar is normal and sugar appears only in the last sample of 
unne This test avoids one venipuncture 

Gould Altshuler and Mellen’ modihed the techmc of Exton and Rose 
slightl> but administered the glucose m two doses They found that the 
oUow mg cnteria for the diagnosis of diabetes melh tus w ere more satisfactory 
than the entena advanced by Exton and Rose (1) the value for the fastmg 
blood sugar must exceed 120 mg per 100 c c (2) the value for the sugar m 
the speamen of blood obtained thirty minutes after the ingestion of the 
last dose of glucose must exceed the value for the fasting blood sugar by 
50 mg , or more per 100 c c and (1) the value for the sugar in the specimen 
of blood obtained at the end of one hour must exceed by 30 mg , or more, 
per 100 c c the value for the sugar in the specimen obtained at the end of 
thuiy rmnutes 

The study of blood sugar has clinical value in diabetes melJitus, in 
renal cosuna, and m certain other conditions 

■•i^iabetes MelUtus —The important consideration here is not so 
much the glycosuria as the hyperglycemia, which the glycosuria is an 
attempt to relieve The degree of hyperglycemia depends upon the 
severity of the disease, upon the diet and upon the renal threshold 
In mild cases blood sugar may be ISO to 250 mg in each 100 cc, 
and with the lower figure the unne is free from sugar m severe cases, 
300 to 400 mg or higher The renal threshold is inconstant In early 
cases generally unchanged m long continued cases sometimes low, 
sometimes high It is particularly high m cases with coexisting 
nephntis in which sugar may fail to appear m the unne when blood 
sugar nses to 300 mg or above 

In the tolerance test the maximum blood sugar concentration is 
generally reached in about two hours, and it often does not fall to the 
normal level before the end of the third or fourth hour The test has 
great iaiue la the ^tagnesis %eij’ carfy diabetes ansd eves o! the 
“prediabetic state ” Here curves similar to that given in Fig 190 for 
hyperthyroidism although often lower, may be expected 

2 Renal Glycosuria — ^This has been discussed on page 187 The 
essential feature is the occurrence of sugar in the urine without 
mcrease of sugar m the blood owing to lowered renal threshold 

3 Other Conditions with Altered Blood Sugar — In general it 
I Could, S. £. AJUliuIer S S. and MeBoi H S Tbe Oae-bour TVo-doso GIucom 

Tolenace Teat in tlie D agnosia of Diabetes McUitua, Am Jour Med. Sa., 193 611-^17 
(May) 1937 
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appears that ovcrfuiiction of the ductless glands is accompanied b} 
hyperglycemia and underfunctioo by hypoglycemia, but change 
m fasting blood sugar is so uiicertam as to lack diagnostic \’alue Of 
much greater signihcance is the blood sugar curve after ingestion of 
glucose Most conditions of hyperfunction of these glands, particularh 
hyperthyroidism and hyperpituitarism, cause an accentuation of the 
curve wih more or less pronounced prolongation The curve is gen 
erally much flattened in hypothyroidism, hypopituitarism, and Ad 
dison’s disease. Typical curves are shown in Fig 190 


Time offer ingest on of qlijcose 



Hg 190 — Chart showing blood-sugar curves obtained tn the tolemnce test 

In cliromc nephntis the renal threshold for sugar is generallv 
raised, although sometimes lowered, and the alimentacj hipergly 
cemia cur\e is generally accentuated and prolonged Slight or rood 
crate alterations m blood sugar occur m man> other diseases, but are 
probably of no diagnostic importance A diminished sugar tolerance 
may be due to diminished ability of the h\ er to store glycogen 

The methods described below are those that ha\'e been found 
useful in most laboratories However, both Fohn* and Uecedict’ 

I Fobn Otto The Detennination of Sugar m Illood and Normal Uno* Jour B ol 
Cbem , 67 357-1*0 (Feb ) 1926 , 

• Benedict, S. R The Estimatioii of Sugar to Blood and Normal Unne Jour 
Qiem., 6S (June), 192& 
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de\ ised new methods, and later Folin* offered still further revisions 
The tendency now is to use reagents and methods that yield lower 
normal \alues 

v^lethod of Folm and Wu . — Reagents Reautrf d — (a) Standard sugar 
solutions Prepare a stock solution contaming 10 Gm pure anhydrous 
dextrose m 1000 cc distilled water, and preserve with a little xylene 
From this prepare the two standard solutions used for blood sugar deter 
minations as follows 

Standard No 1 Place 5 c c of the stock solution 
in a oOO-c c volumetric flask, add distilled water to 
the mark, and mix Two c c of this standard solution 
contain 0 2 mg dextrose 

Standard No 2 Place 5 c.c of the stock solution 
m a 230 -c c volumetric flask, add distilled water to 
the mark, and mix Two c c of this standard solution 
contain 0 4 mg dextrose 

(i) Alkaline copper sulfate solution* Dissolve 40 
Gm pure anhydrous sodium carbonate m about 400 c c 
of distilled water, and place m a 1000 c.c, x'olumetric 
flask In this dissolve flrst 7^ Gm of tartaric acid 
and then Gm cr>^ulline copper sulfate Make up 
to 1000 cc. with distilled water, and mix Should a 
precipitate of cuprous oxide form, after a week or two 
owing to use of impure chemicals, it mav be removed 
by filtering through a good <]uahty piper 

(c) Molybdate phosphate solution In a large 
beaker place 35 Gm of raolybdic acid, 5 Gm of 
sodium tungstate, 200 cc. of 10 per cent sodium 
hj dioxide, and 200 cc of water Boil vigorouslv for 
twentj to forty mmutes Cool, dilute to about 3^0 c c , 
and add 125 cc of 85 per cent phosphoric acid 
Make up to 500 cc with distilled water, and 
rrux 

Mtlhod — 1 Transfer 2 c c of the protein free blood filtrate, representing 
0 2 c c blood (p 362), to a Fobn blood sugar lube (Fig 191) 

Into a second blood sugar tube place 2 c c of standard sugar solution 

•Folm, O Two Revised Copper Meiliods for Blood Sugar Determination Jour 
B ol Chem SS SS-93 (Apr ), 1919 

' Folm s 19^9 revised copper solution Stock solution (a) conU ns 3o Gm. anhydrous 
sodium carbonate, dissolved jq 200 rc disUBed water 13 Gm sodium tartrate and IJ 
Gm sodium b carbonate dissolved m the order named m d stilled water and made up to 
t bter Stock solution (&) contains a per cent copper sulfate aad fied with a trace of 
sulfuric aad The working reagent u prepared by nusing 25 c c of the alkaline tartrate 
solution (a) with 5 cx. of the copper sofution (i) and making the tota] up to 50 cx Keep 
only a few days and only in the refrigerator when not la use 



C3 

fig 191— FoJin* 
lube for use in b'ood 
sugar estimations 
The narrow portion 
IS 4 cm long and 8 
mm in diameter The 
bulb must be of such 
size that 4 cc of 
fluid wiU reach into 
the lower third of the 
constricted pomon 
and not above it 
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No 1, containing 0 2 mg dextrose (A standard containing 0 15 mg 
dextrose may be used preferably ) 

Into a third lube place 2 cc of standard sugar solution No 2 con 
laming 0 4 mg dextrose . 

2 To each tube add 2 c c. of the alkaline copper sulfate solution and 
mix The surface of the fluid must reach the constricted portion of tie 
tubes, but must not go above it 

3 Immerse the tubes in boilmg water for six minutes 

4. Place m cold Tiatcr, without shaking for two to three minutes 

5 To each tube add 2 c c of the molybdate phosphate solution 

6 Wlien the precipitate of cuprous oxide has dissolved which should be 
withm two minutes dilute with water to the 25-0 c mark, msert a rubber 
stopper, and mi\ thoroughly 

7 Compare the unknown m a colorimeter with the standard which it 
more nearly matches Calculate the amount of sugar in 100 c c of blood 
upon the basis that the unknown represents 0 2 c c of blood and the two 
standards 0 2 and 0 4 rag of dextrose respectivelv With the Duboscq 
kyp* of colonraekei the followwg fotmula. is apphcable, D icptesenims the 
number of milligrams of dextrose in the standard 


Reading of Standard 
Reading of Unknown 


X D X 500 


mg sugar in 100 cc of blood 


Improved Fobn Wu Method ^Reagenls Required— (o) Standard sugar 
solutions The best preservative for a number of dilTcrent substances whicb 
are likely to be decomposed by molds is a nearly saturated solution of 
benzoic acid Dissolve 2 5 Gm of benzoic acid in 1 liter of boiling water 
and cool Transfer to a bottle the solution will keep indefinitely 

Stock standard solution Dissolve 1 Gm of pure anhydrous dextrose 
m 50 c c of the benzoic acid solution (The most reliable dextrose lor such 
standard solutions is that which is obtainable from the Bureau of Standards 
Washington DC) Transfer the solution to a SOO-cc volumetnc flask 
and dilute to volume with the saturated solution of benzoic acid Transfer 
to a bottle, label and preserve The solution will keep indefinitely 

Working standard solutum (1) Transfer 5 cc- of this slock solution 
containing 10 mg of glucose to a 100 cc volumetric flask and dilute to 
volume with water This solution mil keep for at least a week without 
any additional preservative but if it is to be kept for a long tune it is best 
to add a few drops of toluene 

V\<wk'J 2 ;S "Eftn 'i.osU 'i.'.tb. Wnmi it is neces- 

sary to have on band another working standard which is twice as strong 
take 10 c c of stock standard solution and dilute to 100 c c , this solution 
accordingly contains 0 2 mg per cubic cenUmeler or 0 4 mg m the 2 cc 
actually used tor each analysis 

iroliti Olio Two Rensed Copper Melbods for Blood Sugar Detenn nstoM, Jour 

Bol Chem. 85-93 (Apr) 1929 Uboratoiy Manual of B ological Chenuatiy 
New York D Appleton Century Co 1934 pp 301-313 
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(b) A 5 per cent solution of crystallized copper sulfate Dissolve 25 
Gm of the salt in a little water, transfer to a 500 c c volumetnc 0ask, add 
5 or 6 drops of concentrated sulfatic acid, dilute to volume, and preserve 
m a clean bottle 

(c) Alkaline tartrate solution Transfer 35 Gm of anhydrous sodium 
carbonate to a •volumetric liter flask, add 175 to 200 c c of water and shake 
for a few moments to bring the sodium carbonate mto solution Then add 
13 Gm of sodium tartrate (Merck’s highest punty) and II Gm of sodium 
bicarbonate Add water to a volume of about SOO c c , and shake until a 
dear solution is obtamed Dilute to volume and muc 

(d) Alkaline copper tartrate solution This solution should be prepared 
fresh each day, because it may deteriorate by autoreduction if kept over 
mght The reagent is simply a m«ture of 9 volumes of the alkaUne tartrate 
solution and 1 volume of copper sulfate solution 

(e) Acid molybdate reagent The active mgredient of this reagent is 
probably some phosphomolybdate of unknown constitution The reagent 
v.'as originally devnsed as a part of the Folm Wu method, and it is still 
probably the most dependable reagent for the colorimetric estunation of 
cuprous OTide 

For temporarj use (not more than a week), the reagent can be quickly 
prepared as follows 

Dissolve 40 Gm of sodium molybdate in 100 c c of distilled w*ater m a 
S00< c beaker To the turbid solution add, while stirring, 55 c c of 85 per 
cent phosphoric acid, 40 c c of cool sulfunc acid (25 per cent, 1 volume of 
sulfuric acid to 3 volumes water), and finally 20 c c of 99 per cent acetic 
aad The resulting mixture is ready for use 

For the preparation of a permanent reagent, which will not turn blue 
on standing, it is convenient to keep on band a brominized 30 per cent 
solution of sodium molybdate 

By means of a funnel and glass rod, transfer 300 Gm of sodium molyb 
date to a volumetric bter flask Add about 800 c c of water and shake until 
solution IS complete except for the turbidity Dilute to volume, mix, and 
transfer this stock solution to a bottle Add 0 2 to 0 3 c c of bromme Shake 
and set aside until wanted 

Transfer 500 c c of theclearsupematantsolution toal500-cc Florence 
flask Add, ^hile stirring 225 cc of 85 per cent phosphoric aad Some 
bromme is liberated and imparts a yellow color to the solution Next add 
ISO c c of cool 25 per cent sulfuric aad, and let stand overnight Remove 
the remaining bromme by means of an air current Then add 75 c c of 99 
per cent acetic acid, mix, and dilute to a volume of 1 liter If kept protected 
from organic matter, this reagent will remain colorless for years 

The speaa) ‘ blood sugar tube,” which is illustrated in Fig 191, is 
Indispensable, because m open tubes reoxidation of cuprous oxide alw’ays 
occurs 

HetJwd —1 Transfer 2 c c of blood filtrate to a Folm Wu sugar tube 
or I c c plus 1 c c of W’ater, if very high blood sugar values are expected 
14 
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2 Transfer 2 c c of the sugar standard (a) (0 1 mg of dextrose per cubic 
rentimeter) to another similar tube 

3 Add 2 c c of freshly mixed copper tartrate reagent (d) to each tube 
and heat for eight mmutes in a beater of rapidly boiling water Cool m 
running water 

4 Add 4 c c of the aad molybdate reagent (e) and, after waiting for 
about one nunute, dilute to \otume with water, or preferably with a solution 
containing I volume of the molybdate reagent («) to 4 volumes of water 
hlix, and make the color comparison 

Calculali&n 

20 

= — r pTT-; X 100 (or 200 if stronger standard used) = mg ptt 

Reading of Unknoivn 100 c c of blood 

Multiply by 2 if only 1 c c of blood filtrate is used 

Fohn Micromethod for the Determination of Blood Sugar ‘ — Reagents 
Required — (a) Sulfate-tungstate solution‘Transfcr to a SOO-c c volumetnc 
fiask 10 Gm of chemically pure anhj'drous sodium sulfate and 15 c c o! a 
10 per cent solution of sodium tungstate Half fill the flask with distilled 
water and shake unul the suUaic has dissolved Dilute to volume and mn 

(b) Sulfunc acid Transfer 12 cc of a two thirds normal solution of 
sulfuncacidand2Gm of anhydrous sodium sulfate to a 100 cc voluin?lric 
flask Shake till the sodium sulfate has dissolved, then dilute to volume 
and mix 

(e) Potassium lerncyanide solution Dissolve! Gm of chenically pmie 
potassium fernejamde in distilled water and dilute to a volume of 2^0 cc 
The maioc part of this solution should be kept in a brown bottle and m a 
dark closet The part m daily use should also be kept in a brown bottle 

(<0 Sodium cjanide carbonate solution Transfer 8 Gm of anhydrous 
sodium carbonate to a 500-c c volumetric flask Add 40 to 50 c c. of water 
and shake to promote rapid solution With a cylinder, add 150 cc of 
freshly prepared 1 per cent solution of sodium cyanide, dilute to volume 
and mix It is easiest and best to prepare more sodium cyanide ^olutioo 
than IS needed, and to throw away the unused portion 

(e) Feme iron gum ghatti solution Fill a hter cylinder with water 
Suspend 20 Gra of gum gbatti on a wire screen of copper or galvanized iro” 
(just below the surface of the liquid) and leave overnight Remove the 
screen, and strain the liquid through a double layer of a clean laboratorj 
towel Acaaa may be substituted if more of this malenal is used “I 
30*Gm of gum acacia to a liter Florence flask and add 600 c-c of dislui 
water Heat on a water bath, shaking the flask until the gum has all i>«i' 
flissolved 

Place 5 Gm of anhydrous feme sulfate and 75 c c of 85 per cent pb^ 
phone acid m a 250-c c beaker which contains 100 c c. of water, ) 
by the aid of heat Cool this solution and add it, while stirring, to tn 

‘Yoliw OlU. Tv .0 ReviMd Copper Methods for Blood Susvr Deiennuat <>“*• W 
Btol Chem S2 S3-93 (Apr ), I92!> Uboratoiy Manual of hiolojpra! Chem.slry, W * 
Vew York, D Appleton Century Co , I9M pp ^1-313 
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siramed gum ghatti solution FuaU}» add about 15 cc of a 1 per cent 
solution of potassium pennanganate, a few cubic centimeters at a time 
The purpose of the permanganate solution is to oxidize certain reducing 
impurities which are present in the gum ghatti The slight turbidity of the 
solution will disappear completely if the solution is kept in a warm place 
(37* C,) for a few daj's This reagent keeps indefimtely 

(0 Standard stock solution of dextrose Dissohe 1 Gm of benzoic acid 
m alxiut 300 c c of hot distilled water Weigh out exactly 9S0 mg of 
chemicallj pure anhj'drous dextrose on a watch glass Rinse the dextrose 
through a funnel into a solumetnc liter flask with the help of the warm 
benzoic acid solution, add about 400 cc of distilled water, then cool to 
room temperature, and finally, make up to tolume, and mix Transfer to 
a clean, drj , glass-stoppered ^ttle 

This stock solution will kwp indefinitely if preserved w^th 0 1 per cent 
of benzoic acid It is made to contain 0 9S mg of dextrose per cubic 
centimeter instead of 1 mg in order to make the calculations easier 

The dilute working standard nia> be obtained b> diluting 1 c c of this 
stock solution to 100 c c B> incorporating a little benzoic aad (no more 
than 25 mg ) into this solution, it wiU keep for a long time 

litthod —1 Transfer 4 cc of the sulfate tungstate solution (a) to a 
dean dr> centrifuge lube 

2 Pnek a finger v, iih the lancet, and collect exactly 0 1 c c of blood, b> 
means of the micro-blood pipet Transfer at once (before clottmg has had 
time to occur) to the solution m the centrifuge tube Rinse the pipet two 
or three times (b> suction) and stir a little vnlh the pipet Let stand for 
about fifteen mmutes, or longer if conxenient 

3 Add 1 c o> of the acid sulfate solution (6) and stir with the micro- 
pipet m the centrifuge lube, or with a fine glass rod Centnfugahze for 
five mmutes 

4 Transfer 2 c c of the water-clear supernatant solution m the centn 
luge tube and also 2 c c. of water to a 25-c c test tube which is graduated 
at 25 c c 

5 To another similar test tube add 4 c c of the standard dilute dextrose 
solution (f) 

6 To each tube add 1 c c, (or 2 c c > of the 0 4 per cent solution of 
potassium ferncyanide (c) and then add 1 c c of the cyanide-carbonate 
solution (d) to each lube 

7 Heat both test lubes together in a beaker of boiling water for eight 
minutes, cool, and to each tube add 5 c c of the feme iron gum ghatu 
solution («) 

8 Dilute the contents of the tubes to 25 c c and mix Make the color 
comparison m the usual manner, with the standard set at 20 mm 

Cflfcttfa/jon 

20 

— — X X too — mg per 100 c c 

Reading of Unknown ® 

One detail m the determinatwa has been left to the experience of the 
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worker He has been given the dioice of using 1 or 2 c c of the potassium 
femcj’anide solution Iflcc is used, the results are a little more accurate, 
particularly if the blood happens to contain a small amount of sugar 
On the other hand, if only 1 c c is used the determination is dependable 
only up to a little over 300 mg per cent, and if more than this amount is 
found, the determination should be repeated ivnth 1 c c of the blood extract 
plus 3 c c of water When 2 c c of potassium femc>-anide are used, one 
single determination will cover the range from far less than 100 to more 
than 500 mg per cent, but the highest values so obtamed will tend to be 
a shade too low, and the lowest \*a1ues a trifle too high The reason for 
this IS that the blank (autoreduction of the femcpnide) is appreciably 
stronger when 2 c c of this solution are used 

Those who are easily puraled by calculations may find it a little difficult 
to understand why the dilute standard dextrose solution is made to contain 
0 0098 mg of dextrose per cubic centimeter instead of 0 01 mg The reason 
for this 13 that 0 1 c c of blood » diluted to a volume of 5 1 c c instead 
of to 5 c c Since S I is 2 per cent greater tl-an 5, the standard dextrose 
solution has been made 2 per cent weaker than 0 01 mg The calculation 
can then be made as if the standard contained 0 01 mg pet cubic centtm 
eter, and as if 0 1 c c of blood had been diluted to 5 CrC 

The blood sugar values obtained by this micromeihod are very close to 
the true dextrose values of the blood 

Another micromethod has been described by Byrd ‘ This method 
requires special glassware and has a unique tube in which 0 1 c c of blood 
may be measured and the blood laked and diluted in a bulb above the 
capillary portion The reagents used are those of the regular Folin Wu 
method, so that with these reagents alone, and the necessary apparatus 
the laboratory has a choice of a macromethod ur a micromeihod 

Fhotelometric Method (Hoffman*) —The reduction of potassium 
fcrncyanide to ferrocyanide by dextrose has been used successfully by Ilage 
dom and Jensen for the determination of blood sugar Hoffman adapted 
this method 

Reagents — Alkalitte Ferrtcyanide Rtagtnls — (a) Dissolve 18 Gm of 
pure potassium femeyamde and 30 Gm of anhydrous sodium carbonate m 
distilled water and make up to a bier 

(6) Dilute 65 c c of solution (o) to 100 c c Store both solutions m dark 
bottles away from suohght 

3Ui/iod for Blood — Place exactly 2 cx of Folm Wu fiUnte in a large 
test tube marked for 16 c c Add exactly 2 c c. of the diluted ferricyanide 
reagent (i) Place the tube m actively boiling water for five minutes Cool 
* Byn! TLA Micro Polm Wu Melhod of Quantiiative Blobd sugar Esiintaton 
Using 0 J c c of Blood Jout I ab and CFin Me I ll-b7-7S fOct ) 1925 The ppeu 
for till* lest canbeobia ned from DieCential V-ent fie Co Ch cago , 

•Hoffman VV S Photelomelnc Glut cal Chemisiiy New Yoik Wm Morru aoU 
Company IM! pp 65-76. 

Hoffman, VV S A Rapid Rhotoelectnc Melbod for the Detennmatioa of G!u«s« 
Itt Blood and Vnne Jour Biot Chem. 12051-55 (Aug), 1957 
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m tap ViTiter and dilute to the 16 c c mark and mix by inversion using a 
clean rubber stopper Read m the photolometer using the Cenco blue 
glass filter number 1 

MeUtod for Urine — Add 10 cc of N/M oxalic acid to 10 cc of urme 
Mix Add 1 5 Gm of I lojd’s reagent Shake for two minutes Filter through 
a small, dry filter Dilute S c c of this filtrate to 25-50-100 or even 500 
c c , depending upon the concentration of dextrose expected from the 
qualitative test or from the speafic gravity of the urme To 2 c c of this 
dilute urine add 4 c c of solution (6) ina tube marked for 16 c c and proceed 
as directed above for blood filtrate 

CaJeuIalions — Refer to curve or table of values prepared from standard 
solutions of dextrose made by diluting respectively lO-S-6-4-2 and 0 c c of 
a slock solution of dextrose containing 2 mg per cubic centimeter to 100 
c,c. These solutions are equivalent to Folin Wu filtrates from blood sped 
mens containing respectively 200-160-12(>-80-10 and 0 mg per 100 cc 
These solutions arc treated as described above for blood filtrates and the 
photclometer readings are charted on semi loganihrmc paper The curve 
differs from the usual curve m that the concentration of glucose mcreases 
with higher galvanomclric readings If the femcyanide solution is decom 
posed, It IS necessary to repeat the analysis with a freshly prepared solution 
ib) This can be most easily determined bv ninnmg a blank with each senes 
of aDal)‘ses using water alone with the fernc>anide 

G Carbon Dioxide Combinino Power or Blood Plasma 

As IS shown m the section on Aadosis, page 648, the deter 
mination of the capacity of the blood plasma to bind carbon dioxide 
offers what is probably the most reliable^eans of detecting acidosis 
and of measunng its degree The normal range for adults is S3 to 
75 c c of carbon dioxide m each 100 c c of blood plasma, infants, 40 
to 55 per cent Figures below 50 per cent in adults indicate aadosis, 
below 30 per cent, severe acidosis Determinations are espeaally 
useful as a guide in alkali treatment of aadosis, dunng which the 
carbon dioxide combining power steadily nses Palmer and Van Slyke 
estimate that as a rule 0 5 Gm of sodium bicarbonate for each 42 
pounds of body weight will raise the plasma carbon dioxide volume 
1 per cent Mild alkalosis without symptoms is indicated by figures of 
80 to 90 per cent Above 90 per cent there is evidence of severe 
^alosis associated with symptoms of tetany 

Method of Van Slyke and Cullen — Obtaining the Blood — ^The patient 
should avoid muscular exercise for an hour or two before the blood is taken 
About 6 to 8 cc of blood are required Withdraw this from a vein with 
no more constriction than is necessary, and with the least possible exposure 
to the air, and immediately place it in a tube with enough diy pot^sium 
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oxalate to make about OJ per cent Mix by gentle stirring Separate the 
plasma by thorougblj centnfugalizing withm half an hour 

A better plan is to secure the blo^ under oil in a device similar to that 
shov.n in Fig 94, but with the entrance tube readung to the bottom m 
which bas been placed 2 or 3 cc o{ paraffin oil and the dry potassium 
oxalate \Vben this plan is followed it is essential that the arm constnction 
be loosened before the blood is withdrawn 

II Saturation Kith Carhem Dtoxtde — J Transfer about 3 cc of the 
plasma to a large separation funnel arranged as shown m Fig 192 

2 Without inspiring more deeply than is normal, blow air from the 
lungs into the funnel through the bottle of beads which is used to remove 
excessive moisture from the air Expiration should be rather rapid and as 
complete as possible Insert the stopper just before expiration is finished 
and close the stopcock 



Hg 192 '•Apparatus used (at saturating blood plasma with carbon dioxide 4ir u 
blown frem tbe lungs into tbe tube at tfae left, the stopper is inserted and the separator)’ 
funnel rotated The air passes among the glass b^ds in the bottle which remove In 
moisture (After Van Slyke) 

3 Rotate tbe funnel for two minutes, during which time tbe plasms 
should be distributed as completely as possible over the inner surface of the 
funnel Carry out the anal^-sis without delay 

in The Analysis — special apparatus devised by V an Slyke is required 
(Fig 193) The directions appear complicated, but the manipulation of the 
apparatus is not difficulL 

1 Set up tbe apparatus upon a ring stand vnth mercury bulb held at 
position 1 The instrument must be firmly held by a damp whose jaws are 
protected by heavy rubber and a support should be placed below the lower 
stopcock Completely fill the apparatus with mercuri by pounng it ml*’ 
the bulb About 3 pounds will be required Make sure^that both openings 
m the lower and upper stopcocks are filled, and also the two c3pillan« 
above the upper stopcock The stopcocks should be well anointed with 
vasehn, and should be held securely in place by means of heav’y rubber bands 
2 With the upper stopcock closed and the lower one open make sure 
that there is no leak b> lowering tbe mercury bulb to position 2 This 
should produce a v-acuum in the upper part nf the apjaratus and when 
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Uie bulb IS returned to position 1, the mercury should fill it completely 
and stnbe the upper stopcock with a click If air has entered, it forms a 
cushion and the click is not heard 


3 Rmse out the cup at the top of 
the apparatus with distilled water Lwve 
1 c c of the water in the cup 

4 Transfer to the cup I cc of the 
plasma which has been freshly saturated 
with carbon dioxide, keepmg the tip of 
the pipet below the surface of the fluid 
Add 1 small drop of pure capryhc 
alcohol 

5 Place the mercury bulb in position 
2, and by carefully turning the upper 
stopcock allow the plasma and water to 
flow down mto the mam stem of the 
apparatus, leai-mg the capillary portion 
o! the cup filled with the fluid 

6 Pkce 0 5 c c of 10 per cent lactic 
aad m the cup and admit enough of the 
and into the mam stem of the apparatus 
to bnng the level of the fluid down 
exactly to the 2 J mark 

7 Place a drop of mercury m the cup 
and let it run down in the narrow portion 
to seal the stopcock 

8 Lower the mercury ^ulb to a 
position about SO cm below the lower 
stopcock, where it maybe supported by a 
nag or hook on the side of the work table 

9 ^Tien the lewl of the mercury m 
the apparatus has fallen to the 50-cc 
mark close the lower stopcock 

10 Remove the apparatus from its 
clamp, without disconnecting the rubber 
tubmg, and turn it upside down at least 
fifteen times m order to thoroughly agitate 
the contents 



Fig 19V — Van SlyVes apparatus 
for carbon of blood shomog 

the three ■poations of the mercury 
bulb The bulb u connected to the 


11 Replace the apparatus m its damp, apparatus by a heavy rubber tu^ 
and turn the lower stopcock so that the micated m the 

fluid IS drained as completel} as possible 
inlo ibe bulb beneath To avoid letting 

any of the gas escape with the flmd the last drop or two of fluid may be 
allowed to remain 


12 Raise the levelling bulb very slowly with the left hand, and with 
the right turn the lower stopcock so that the mercury rises gradually into 
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the apparatus through the left hand tube below the stopcock The merrwy 
will fill the body oI the apparatus and as much of the graduated stem at 
the top as is not occupied by the carbon dioxide liberated from the blood 
plasma Leave the loner stopcock open 

13 Now place the levelling bulb at such height that the surface of tb; 
mercury is at exactly the same level as that m the apparatus 

14 At once read off the volume of gas m the graduated stem This, 
when corrected foe temperature, barometric pressure, and other factors, 
represents the carbon dioxide bound by 1 c c of blood plasma For diaica! 
work the following method will suffice if the room temperature is near 
IS® or 20® C Find the barometric pressure in millimeters divide by 760 
multiply by the gas volume reading on the apparatus and subtract 0 12 
The result multiplied by 100, gives the amount of carbon dioxide bound 
by 100 c c of plasma or the ‘ volume per cent " LxampU Suppose the 
volume of gas in the graduated stem of the apparatus was 0 6 cc, and 
suppose that the baromtlnc pressure at the tunc was 754 mm 

754 - 760 « 0902 

0 6 X 0 992 « 0 5952 *= reading corrected for pressure 

0 5052 — 0 12 •= 0 4752 = fully corrected volume CO* in 1 c t plasma 

0 4752 X 100 »* 47i2 «> volume CO* m lOO ce plasma •volume 
per cent ’’ 

15 When not m use tlie apparatus should be filled with water Clean 
the mercury occasionally by filtering through chamois skin 

MctBcmetrlc Method —When a higher degree of accuracy than ao ht 
obtained with the volumetric apparatus is necessary, the manometne 
method is preferable* la the voluroeuic mtthod the pressure is always 
brought to equal the atmospheric pressure and the volume of gas is read 
on the scale, while m the manometne method the gas is brought to an 
arbitrarily chosen volume, and from the pressure on the manometer the 
amount of the gas is determined The percentage of error is less with the 
manomeiric method The apparatus is more cornpl cated and more expensive 
to purchase Uian that wrhich is needed for volumetric determinations 
although some features of the manometne apparatus are simpler than 
those of the volumetric method (Fig 194) 

Haskins and Osgood Titration Method. — Van Slyke s method for titral^ 
mg the bicarbonate content of plasma was modified by Haskins and Osgood 
The pnnciple of this method is very simple, as the bicarbonate of 2 c c oi 
plasma is decomposed by 5 c c of a fiftieth norma! solution of hj drochloi»' 
acid The excess of acid is titrated with fiftieth normal solution of sodium 
bvdroxide at a pH of 7 4 The number of cubic centimeters of acid combinea 
with the carbonate (See of alkab used for titration) multiplied by 22 

‘VonSlykeDD anr^^nIIJM Hie DetermiMt on of Casses in Blood tndOlhtf 

Soluton^ by \acuum Cxtractioo and Manometne WeasureniBni. /our Dot ofi 
M S2t-W {Cent ) 1024 

•Ha^fcuis II D and Osgood EE. Mod fcaUons of Van Slyke i Titration 

for Eitlmatlog tbe Alkali Reserve o{ Blood Jour Lab & Cii° Med- 6 37-41 (OetJ * 
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gjves the alkah resene figure This method js much sampler than the gaso* 
metric method and is much preferred in many laboratories The alhah 
reserve figure is the cubic centimeters of dry carbon dioxide (measured at 
0® C and 760 mm ) which can be held m chemical combination excluding 
dissoUed carbon dioxide by 100 cc of plasma after exposure to an 
atmosphere contammg S 5 per cent of carbon dioxide (alveolar air) at 20° C 



Fig 194 — ‘Manometnc blood g« appantuj. 


RfOfients — (a) hseutral red indicator Dissolxe 65 mg neutral red in 100 
cc of SO per cent alcohol (6) Permanent standards* (f) Prepare bu^er 
pf osphale solution of p II 6 Shy taking equal parts of pnmarj and ^econdarj 
phosphate solution (sec p j) (2) Also prepare bifr pJiospf ate solution of 
pU 7 4 by adding 21 c c of primary phosphate solution to 79 c c of sec 

* Pentunent tUndarcU suty be purch&sed from the Shaw Surgical Company Portland 
Oregon. 
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2 Add 0 3 c c. of indicator fc) and titrate with carbonate-free fiftietlj 
normal solution of sodium hj droMde (d) until the color matches the turbid 
standard, addmg at the last single 002 c c drops from a fine tip Make the 
color comparison by reflected light with both flasks standmg on a white 
surface \\ hen an exact match is secured, read the buret If the nght end 
point has been reached, the addition of another drop will make the mixture 
slightl) too>eUQwish 

Calculation — 5 c c of alkali used In the titration X 22 4 — the alkali 
reserxe figure (“volume per cent”) See p 397 for the normal range and 
figures indicating acidosis or alkalosis 

The alkali may be checked once a daj by adding another 5 c c of fiftieth 
normal h>drochlonc acid to the titrated mixture and titrating back to the 
same end point with fiftieth normal solution of sodium h\dro\ide Alwaj’s 
keep a test tube o\er the top of the buret to exclude carbon dioxide The 
flask should be kept free of the deposit of neutral red b> washing mth 
ammonia water 

yk CitcniM 

In parathyroid teian> the calaum content of the blood serum 
falls bdow the normal amount of 9 and 11 mg for each 100 c c The 
condition is relieied by administering calcium The determination of 
calaum is an exact chemical procedure somewhat difficult lor the 
clinical laborator} Howeier, there is an increasing demand for this 
test and the technic is therefore ^veo tn detail 

Clark-CoILp Method for Calcium (ifodtf cation 0 / TtsdalVs Method) ' — 
All glassware for this test must be cleaned in cleaning solution and nnsed 
m calcium free distilled water The sjnnges and needles used for vem 
puncture must be cleaned only with distilled water and are sterilized pref 
erably by bakmg in the hot air oven 

Reagtvts — (a) Ammonium oxalate, 4 per cent 

(6) Dilute ammonia 2 cc concentrated ammonia, 98 cc distilled 
water Place in a wa^ bottle \ 

(c) Approximately normal sulfunc acid solution, dilute 28 c c concen 
trated sulfuric acid to 1 bier ' 

(h7 Stock solution d I nonnaf potassium permanganate XTissoiVe in a 
Florence flask 3 5 Gm pure potassium permanganate m 1 liter of redistilled 
water Use a funnel covered wnUi a watch glass as a condenser and heat 
for several hours to nearl> boihi^ Cool, and let stand overnight Filter 
through a 3 inch Buchner funnel lined with ignited asbestos using gentle 
suction Standardize against 01 normal sodium oxalate solution Store in 
a clean glass-stoppered bottle in a dark place 

(e) Potassium permanganate solution, 001 normal Immediately before 

iQark E P^andCoUip J B ASmdjroflheTlsdall Method for the DeCenmnation 
of Blood Senua r.ilrlnm with a Sufj^ted hlodifiaucm. Jour Bjo) Chem. iJJ 461-464 
(Mar). 1925 
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ondarj phosphate solution (3) Paranttroplienol Solution — Dissolve 20 rng 
of paranitropbenol in 10 c c of D5 per cent alcohol and dilute to 100 c c 
mth distilled ■water (4) Antaranth SduUon — Dissolve 8 mg of amaranth 
m 100 c c of distilled water Place 60 c c of buiTer solution ol pH 7 A 2) 
mal20cc pjTcxEtlenmejetflasUandaddOGcc of neutral red indicator 
(a) Place 60 c c of buffer phosphate of pU 6 (6 1) in a similar flask and 
add 5 2 c c of the paranitrophenol solution (bS) and then add the amaranth 
solution (fi 4) a little at a time until the color matches that m the first flask 
"Put 30 cc of this standard into each of two 120 cc pyrex Erlenmeycr 
flasks and add 0 2 c c of 10 per cent soluUon of thymol m chloroform to 
each Keep one as a dear standard Add 20 mg of cornstarch powder to the 
other flask to make a Itirbid standard Stopper and seal \nth parafBn and 
store m the dark The«e are permanent standards the lurbid standard is 
used for the test (c) Fiftieth normal hydrochloric acid This should be 
prepared once m two months by diluting SO cc of tenth normal hydro 
chloric acid to 250 c c Add chloroform as a preservative Determine the 
titration value against fiftieth normal solution of sodium hydroxide as 
follows Mix 20 c c of dnuUed water, 0 3 c c of neutral red indicator (a) 
and 1 c c of 0 05 per cent solution of disodium phosphate Add fiftieth nor 
mai hydrochloric acid, a small drop at a lime until the color mitdies the 
clear standard Add 5 cc of flfticth normal hvdrochlonc acid and titrate 
This titration should require 4 05 to 5 05 c c of fiftieth normal solution of 
sodium hydroxide (//) Fiftieth normal sodium hydroxide, free of carbonate 
Boil a liter of distilled water for two minutes, cork loosely and cool rapidly 
Add 1 2 c c of clear 63 per cent solution of sodium hydroxide and mix well 
Keep the flask tightlv corked Titrate 5 cc portions of fiftieth normal 
hydrochloric acid as directed for Ulration xalue of hydtoclilcinc acid Keep 
the buret covered with a test tube Dilute the solution of sodium hydroxide 
with the proper amount of recently boiled distilled water to make the titra 
tionjustScc Mlx and recheck Put2occ portions into a large number (Jf 
50 cc pyrex flasks Cork each flask at once and seal the corks with hot 
paraffin Use the solution of sodium hydroxide in one flask for only one day 
I iftieth normal solution of sodium hydroxide may also be stored in a large 
pyTC-x fla^k fitted with a soda lime lube to prevent ingress of carbon dioxide 
and a siphon tube of pyTCx glass for filling the buret (c) Capryhc alcohol 
Method — Filhcr blood or pbsma or serum mav be used Centrifuge the 
blood as soon as possible after withdrawal Draw off the plasma or serum 
and place it in the icebox m a tightly corked test lube unless the esiiroation 
is to be made immediately It may also be kept under a layer of mineral oil 
if the determination is not to be done at once 

1 Measure exactly 2 c c of plasma or serum into a Florence flask not 
the titration Cask Add e>>actly 5 cc of fiftieth noimal hydrochloric acid 
and 1 drop of caprylic alcohol (e) Then rotate the flask for one or two mm 
utes so as to spread the mixture m a thin film on the wall Four the hquid 
into a 120 c-c Erlenmeyer fla«k and wash the re«idue mto the flask, using 
three rinsings totaling 20 c c of distilled water 
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2 Add 0 3 c c of indicator (a) and titrate wth carbonate-free hftietli 
normal solution of sodium hj droxide (rf) until the color matches the ttiThd 
j/dfftfcrnf, adding at the last single 002 cc drops from a fine tip Make the 
color comparison by reflected light with both flasks standing on a white 
surface WTien an exact match is secured, read the buret If the right end 
point has been reached, the addition of another drop wall make the mixture 
shghtlj too yellowish 

Calculation — ^5 cc of alkali used in the titration X 22 4 = the alkali 
resen, e figure ("volume per cent*') See p 397 for the normal range and 
figures mdicating acidosis or alkalosis 

The alkali may be checked once a day by adding another 5 c c, of fiftieth 
normal bjdrocblonc aetd to the titrated mixture and titrating back to the 
same end point with fiftieth normal solution of sodium hidroxide Al«a33 
keep a test tube over the top of the buret to exclude carbon dioxide The 
flask should be kept free of the deposit of neutral red b> washing with 
ammonia water 

,/h. Calcium 

In parathyroid tetany the calcium content of the blood serum 
falls below the normal amount of 9 and 31 mg for each 100 c c The 
condition is reliexed by adroimsiering calaum The determination of 
calcium IS an exact diemical procedure somewhat difficult for the 
clinical laboratory However, there is an increasing demand for this 
test and the technic is therefore gi\en m detail 

Clark CoUip Method for Calaum dlodtfication of Ttsdalls Method) ' — 
All glassware for this test must be cleaned in cleaning solution and nnsed 
m calcium free distilled water The synnges and needles used for lem 
puncture must be cleaned only with distilled water and are sterilized pref 
erably by baking m the hot air oven 

Reagents — (c) Ammonium oxalate, 4 per cent 

(6) Dilute ammonia 2 cc concentrated ammonia, 9S cc distilled 
water Place m a wash bottle \ 

(c) Approximately normal sulfunc aad solution dilute 28 c c concen 
trated sulfuric acid to 1 liter 

thy Stoci. solution iST normal' potassium perroanganaw ai a 

Florence flask 3 5 Cm pure potassium permanganate in 1 liter of redistilled 
wjTier U«ie a funnel coxered wnth a watch glass as a condenser and heat 
for several hours to nearly boiling Cool, and let stand overnight. Filter 
through a 3 mch BUchner funnel Imed with ignited asbestos using gentle 
suction Standardize against 0 I normal sodium oxalate solution Store m 
a dean glass-sioppered bottle to a dark place 

(e) Potassium permanganate solution, 001 normal Immediately before 

Clark E P.,aBd05lfip J H AStudyof the TisdaU Afetiod/or tbeI>«ernasalK>B 
of Blood Semin Catauin wjlh a So^SesUd Modificaiion Joui Diol C hem ., 6J 4GI— 164 
(Mar), 1925 
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use dilute a suitable portion of 01 normal permanganate solution (<j) to 
make an exact 001 normal solution and titrate against absolutely correct 
001 normal sodium oxalate solution (Sorenson quality) 

Method — 1 Draw about 10 c c. of blood by venipuncture m a carefully 
cleaned s}Tinge and place in a IS-c c centnfoge tube which has also been 
carefully cleaned Separate the clot and centrifugate 

2 Place exactly 2 c c of clear serum m a clean lS*c c graduated cen 
tnfuge tube Add 2 c c of calaum free distilled water and 1 c c. of 4 per 
cent ammonium oxalate solution (a) Mi* thoroughly Allow the mixture 
to stand four hours or over night^and then centrifugate thoroughly Dram 
off the supernatant fluid carefully and thoroughly 

3 Stir up the precipitate and wash down the sides of the tube with 3 
cc of dilute ammonia (fr) Centrifugate again and drain off the supernatant 
fluid thoroughly 

4 Add exactly 2 c c of normal suKunc acid (c) Blow the acid upon 
the precipitate to break up anil thoroughly dissolve the mass Place the 
tube m boiling u’ater for one minute n 

5 A tube containing e\er\ thing except the serum should be set up as 
a blank, and treated in the same manner as the unknown It is often well 
to set up more than one such blank 

6 Titrate the unknou-n and the blanks mth 0 01 normal potassium 
permanganate fe) to a pmk color that persists for one minute, using a 
nucroburet graduated in 0 02 cc Keep the solution at 70* to 75* C m 
a warm bath If the permanganate solution is not exactly 0 01 normal a 
correction factor must be used lo the subsequent calculation 

— One cc of exactly 00! normal pniissium permanganate 
IS equivalent to 0 2 mg of calcium Subtract the number of cubic cenliraeters 
of the permanganate solution used m uirating the bbnk from Uie number 
of cubic centimeters used in titrating the unknown solution of calcium 
Let a: represent this difference and substitute for x m the follouing formula 


- =® mg of calcium m 100 c c of serum 
Phosphorus 


The amount of inorganic phosphorus in the blood plasma or 
serum of the normal adult is usually about _3 7^ g_pg r_100 c c In 
the plasma or serum of children, the level is slightly higher, or about 
5 mg I n severe nephriti s, th e inorganic p hosphorus ma y nse to 15 to, 
20 mg pe r 100 c c of serum, or plasma ' incre is usuaTly an elevation 
in phosphorus in the serum or plasma of adults who have major 
fractures This high level may be maintained as long as the fracture 
remains ununitcd Perhaps a more significant finding is the Joy 
phosDhQnis^content_of the swum or plasma of children who are 
su flenng.from nckets In this disease, the value for the phosphorus 
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may be as low ns 2 m g , per 100 c c There is also a seasonal fluctua 
tion, the highest \alucs occur during the summer months, and the 
loA\est \alues during the >\mtcr The method* which is given here 
has pro\cd \crj convenient and it is described in detail as it is used 
also for phosphatase determinations Phosphatas e is a n enzyme 
which splits t he phosphonc aad e sters ofrarboiiydrates It rntr^he 
remembered th^ iiodanshy phospiiaihSc 'ututs ao not correspond to 
values used in other methods 

Bodansky’s Method for Determination of Serum Inorganic Phosphate 
and of Serum Phosphatase ^ — Stock Solutions — ( 0 ) Subslrale — Place suc- 
cessively Into a lilu c c \oIumetric flask about i cc of petroleum ether 
(J T Baker Analyzed special), about 80 cc of distilled water OSGm of 
sodium beta gl>ceropho«phale (lasiman kodak Research Laboratories), 
0424 Gm of sodium dieihylbarbiiuraie (Merck, U S P , Ed 10), and 
irater to volume empt) into a 100 cc ghss stoppered pyrex bottle con 
taming about an inch of petroleum ether keep m the refrigerator When 
tnuhiples of 100 c c arc prepared, it is advisable to distnbute the substrate 
into small bottles 

(6) Trubhracelic Acid, JO Pfr Cenl Solution— (J T Baker, analyzed, 
reagent) 

(c) Sodium ^fcl)Male Solution, 7S Per Cent — Dissolve 00 Gm of 
molybdic acid ("Sodium" and "phosphorus" free, Mallinckrodl reagent 
quality) m 250 c c of 5 normal solution of sodium hydroxide in a 2 Liter 
volumetric flask Make up 10 volume Keep m a ghss stoppered bottle 
(<f) Stiljuric Acid, 10 A^srmef— Dilute about 290 cc of concentrated 
sulfuric acid fSpccific gravity about 1 83, Mallinckrodt reagent) to 1 hter 
standardize and dilute if necc'isary. keep in refrigerator 

(e) Stannous Clloride Solution, 60 Per Cent — To 15 Gm of stannous 
dilonde (J T Baker analyzed) add concentrated hydrochloric acid 
(Malhnckrodl analy tical reagent) to a volume of 25 c c , keep tn refrigerator 
If) PJiosp/iale ’stock Solulion — Two hundred fifty c c is to contain 110 
mg of potassium acid phosphate (LaMoUc buffer quality), and 1 cc of 
concentrated sulfunc acid, 1 cc containsOlmg of phosphorus 

(g) Phosphate Standard Solution — Dilute 10 cc of stock solution to 
-jWcc , acfcfa drop oi'tofucne dec contains iJilT mg ofpiospicrus 
' Check solutions" of known but arbitrarily varying concentration fa 
half to three or four tunes that of the standard solution) may be made by 
suitable dilution of the stock solution of phosphate, preserve with a drop 
of toluene 

Reagents Prepared Daily — fl) Actd molybdate Solution — To the cold 
10 N solution of sulfunc acid (d) in a Cask add, while mixing an equal 

* Bodansky’s method is an adaptation of the Kuttaer Lichtenstein method for the 
estimation of phosphorus 

• Bodansky Aaron Notes on Determination rf Serum Inorgan c Phosphate and of 
Serum Phosphatase AcUvity Am Jour Cim Path , Tech SuppL, 7 51 59 (Sept ), 1937 
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volume o{ 7^ pet cent solution of sodium molybdate (c), when the mixture 
IS properly prepared »t is free of even the slightest tinge of yellow 

(2) Difiile 5to«Hoiiv C/ifernfe Sofulion — ^Dilute 1 c c of the 60 per cent 
solution (?) to *100 c c with water, keep m refrigerator between analyses 
Analytical Procedures — Colttciion of Serum — Collect about 5 cc of 
whole blood into a centrifuge tube allow to clot at room temperature, 
centrifuge, remove serum and centrifuge it Analy’sis may be delayed for 
Several hours if the separated strum is kept m ire water or in the refriger 
ator If a longer delay is necessary, add a small drop of toluene After 
twenty four to forty-eight hours in the refrigerator, serum phosphatase 
activity IS about 10 to 15 per cent higher than originally At room tern 
perature (as m mailed specimens) the results are subject to an error of 
=*»20 per cent Climcallv valid mlerpretatioas may, however, be based upon 
the analyses 

Preparation of Filtrates — (1) ‘ Serum inorganic phosphate" filtrate To 
1 c c of serum m a test tube add 9 c c of 10 per cent trichloracetic acid, 
mix well and filter after a few minutes through 9 cm filter paper (Whatman 
number 44, or other "ashless” grade) (2) "Total morganic phosphate” 
filtrate (serum inorganic phosphate fius inorganic phosphate liberated from 
the substrate by the serum phosphatase) Measure 10 c c of substrate, 
preferably mio a glass-stoppered test tube * place in a water bath at 57* 
C for a few minutes add 1 cc of scrum, with tlie tip of the pipct about 
1 era above the surface of the liquid invert once or tap to impart rotarv 
motion, mixing the contents well (but without undue aeration), replace 
m water bath remove after exactly one hour, coot in ice water for about 
two minutes, add 9 cc of 10 per cent tnchloracetic acid niLx let stand 
for a few minutes and filter as before 

)\ben a high phosphatase activity is expected a high dilubon b there 
fore desired This is accomphshed by the addition of large volumes of 10 
per cent tnchloracetic aad Half hour or quarter hour periods of meubatjon 
may be used when high serum phosphatase activity is expected 

WTien half quantities are used, about J c c of petroleum ether precedes 
the addition of 5 c c of substrate and 0 5 c c of serum 4 5 c c of 10 per 
cent tnchloracetic acid is added for a dilution of 20, 9 5 c c for a dilution 
of 30 and so forth 

Rtagetil Blanks — Add 2 cc of acid molybdate solution (1) and 2 cc 
of a dilute solution of stannous chloride (2), mixing after each addition, 
to each of two tubes— one containing 6 c c of water and the other 6 c c 
of 10 per cent tnchloracetic acid The blanks should be colorless or at most 
tinged family green or blue 

pTtparaiion of Aliguols for ylnolyrir * — The companson standards (2 or 
‘The glass-stoppered test tubesweremadeby^entificGlau Apparatus Co Bloom- 
field, N J {mUrclraTigeable stoppen) and by Cimw and Amend Nevf York, N Y 
Ordinary test tubes and than rubber stoppers may be employed 

‘ When colonmcter cups of internal diameter ot about 12 mra or less are emplojed, 
aliquots of half the stated volumes may be used •nth half quanliUei of the fesgentt 
(see Table 1) 
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more in each set) contain 0 02 014 of phosphorus In aciordance mth the 
concentration expected transfer 2, 4 and 6 c c of filtrate, and make up 
with ivater, if necessary to a total \nlume of 6 c c Include m each set some 
known ‘ check, solutions” to i erifj the accuracy of the determination 
Color Development and Compottson — lo each tube, m sequence, add 
2cc of acid moKbdate solution (1), mix bv tapping m the sam» sequence 
add 2 c c of a dilute solution of stannous chloride (2) to each tube, mixing 
duTtn% the addition The color of the mixture develops rapidly Colon 
metric companson ma> be made at convenience — immediaielv after addition 
of stannous chloride or at anv time within about two hours 

Calculations — After colorimetric comparison and calculation in the 
usual manner from the recorded readings corrections must be made for 
the deviation from Beer’s law, and for the effects of tnchloracctic acid and 
ghcerophosphaie (about 1 5 per cent for each cubic centimeter of aliquot 
used) More rapid as well as more accurate calculation of the results is 
obtained by the use of tables containing corrected values correspondmg 
to the given readings The values of the “check, soluuons,” which contain 
neither trichloracetic acid nor gljcerophoTihale, ma> be obtained from 
Table 1 (milligrams per 100 cc) the values of “serum morpamc phos- 
phorus ” m milligram# per 100 cc , are found b> consulting Table 2 or i 
under the division corresponding to the volume of aliquot used The values 
of “total inorganic phosphorus” are obtained m similar manner but the 
dilution m the standard procedure being 20, mulliply the “table value^ 
bv 2 N\ben dilulions of 30 or 40 are eroploved, multiply the “table vulue ’ 
by 3 or 4, respecti\el> 

A unit of phosphatase acUvit> is defined as equivalent to the liberation 
of J mg of phosphorus (as the phosphate ion) during the first hour of 
incubation, under the conditions dc«ctibcd 

“Total inorganic phosphorus” minus “serum inorgamc phosphorus 
equals milliirrams of “morganic phosphorus liberated ’ from ghcerophos- 
phate bv 100 c c of scrum (or units of phosphatase activity per 100 c c 
tf Ir^rolysis if eonttnued jor one hour) 
v^l Tien serum phosphatase activity is high the relatively lar ge amount# 
of,U berated inorimnic phosphate retard the drob-si s Bodansky measured 
t his effect, and established a correcuon To bg'gppHgfl to the value of “inor 
game phosphorus liberated,” per 100 c c. of serum during the given period 
of incubation A simple rule is Divide this value bv 30, and add the square 
of the quotient to the uncorrected value Thus, if 60 mg have been liberated 
per 100 c c of serum the correction amounts to 4 mg , and the corrected 
value to 64 mg , per 100 c c 

If half hour or quarter hour periods of incubation have been emplojed 
for hvdrolvsi'i multipl} the value of * inorgamc phosphorus liberated ’ bv 
1 82 Or 3 3 respecUvelv (more rarely periods of two or three hours may be 
desirable m such ca^es the factors are or 039 respectively) 

In laboratories where determinations of phosphatase are made infre 
quentlv , the incubation period may be kept umfonnly at one hour if desired 
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TABLE X 

IvosCAWC Poospnosirs AuQroTs, at Stated Coioriitetric Keadincs Cobrected 
TOB UEviA-nOT nuMi Beer's Law 

OOXuc StandakoSetatSOuu. 

la tolutan D btc g^ven lh» valm fot decrtmcnts concsponding to aa jocwase oJ 
Uie mdmgs by 0 I mm., for use !n loteipobiun 



When the stated cnrrectjon for retardation of hj drolysis is applied to sent of 
high phosphatase anml> a good oppioxlmatjon to correct > alue is obtained 
The maximal error would not be great enough to inipau the validity of 
clinical interpretation of the results obtained. 

Table 4 indicates apprOMWately, the range of values of serum phos- 
phatase in the normal state and in the several pathologic states in which 
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t he concentration of serum phosphata * ^ is raised A s a technical aid, U 
may be of some use to includ** m this table suggestions as to shorter penods 
of h>drol>'sis, when these are desired, and the appro-ornate aliquot volumes 
mdicated for the Icncer limit of eadi range 

TABLE 2 
ISORCASTC 

PsospnoRus CoNTE-ST, ct Milugkams per 100 cx., Corrected tor Deviation trom 
Beer’s Law axq tor ErrECis or TRicuLosAcsnc Acn> and Glvcerophospuate 
Column D eonUtns the values for decremenU corresponding to an increase of the 
readings by 0 1 mm , for the use in interpobtion 

The values are calculated for a dilution of lOX fas in “inorganic phosphorus fil 
trate”) When the dilution is 20, 30 or 40X (as In “total inorganic phosphorus" after 
tncubalJOD), these fibres are to be multiplied by 2 3, or 4 respectis-ely 


























410 CtlNlCAL t.HEMISTR\ 

TABLE 3 
ISOtCAKIC 

PnosriioRus Costent iv Mhucbaus pe* 100 ac , Corrected for DEvunos from 
Beer s Law xm> job Effects of Trichloracetic Acib and Gucerophosphate 

Column D contains tlie ntIucs for dccwmcnts corresponding to an increase of the 
readings by 0 1 mm for the use in interpolation 

The N-alues ate calculated lor a d lu ion of tOX (as in inorganic phosphorus 61 
uste } Uhen the dilution is 20 ^ or 40X fas in total inorganic phosphorus after 
incubation) these figures are to be muh pt ed 2, 1 or 4 respectively 

VV hen 2 c c aliquots are used, deduct 3 pet ceet from the value for the 4 c c shquot 
and multiply by 2 


foa tec Auouon (oa nt 1 cc Waex Halt toitmu ui VttB) 


Um. 

0.0 

0} 

04 

06 

os 

D 

mm. 

at< 

m* 

me 

nr 

m( 


s 

25 8 

24 7 

23 7 

22 7 

21 8 

0 5 

6 

20 9 

20 1 

10 4 

18 8 

IS 2 

0 3 

7 

17 6 

17 1 

16 6 

16 1 

IS 6 

0 2+ 

8 

15 1 

14 7 

14 3 

13 9 

13 5 

0 2 

9 

13 2 

12 9 

13 6 

12 3 

12 0 

0 1+ 

10 

11 7 

11 5 

11 2 

n 0 

10 7+ 

0 1+ 

11 

10 5-f 

10 3 

10 1 

9 9 

9 7 

0 1 

U 

9 52 

9 34 

9 17 

9 00 

6 83 

0 08+ 

13 

8 67 

6 51 

8 36 

8 22 

8 09 

0 07 

U 

7 96 

7 S3 

7 71 

7 59 

7 47 

006 

15 

7 35 

7 24 

r 13 

7 02 

6 92 

0 05 

16 

6 82 

6 72 

6 63 

6 54 

6 45 

0 05 

17 

6 36 

6 28 

6 20 

6 12 

6 04 

0 04 

18 

5 96 

5 89 

S 82 

S 75 

5 68 

0 01 

19 

5 61 

$ 54 

5 48 

5 42 

a 36 

003 

20 

5 30 

5 24 

5 18 

5 12 

5 07 

0 03 

21 

5 02 

4 96 

4 91 

4 86 

4 81 

0 03- 

22 

4 76 

4 71 

4 66 

4 61 

4 "iO 

0 03- 

23 

4 52 

4 47 

4 42 

4 38 

4 U 

0 02 

24 

4 30 

4 26 

4 22 

4 IS 

4 14 

0 02 

2S 

4 10 

4 06 

4 02 

3 93 

3 94 

0 02 

26 

3 91 

3 87 

3 83 

3 79 

3 76 

0 02 

27 

3 73 

3 69 

3 66 

3 63 

3 60 

0 02- 

28 

3 57 

3 S4 

3 St 

3 48 

3 45 

0 01+ 

29 

3 43 

3 40 

3 38 

3 35 

3 33 

0 01 

30 

3 30 

3 28 

3 25 

3 22 

3 20 

0 01 

31 

3 18 

3 IS 

3 13 

3 11 

3 09 

0 01 

32 

3 07 

3 W 

3 02 

3 00 

2 98 

0 01 

33 

2 96 

2 94 

2 02 

2 90 

2 S3 

0 01 

34 

2 86 

2 84 

282 

2 80 

2 78 


35 

2 77 

2 75 

2 73 

2 71 

2 70 


36 

2 68 

2 66 

2 64 

2 63 

2 61 



In BodansVy’s experience, group J induded ost^rtiala£i.a*.some cases of 
JmmaxatJ tvroidisin aiono-ostotic osteit^^fotmans (and healed pol) 
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_ __ T 5 BI . E 4^ 

A ScuiiABY or PnospHATASE Vaicxs tv Climcai, Cases 

The figures jn parentheses mdicalc approximately, the aliquot volumes, m cubic 
eenUmeters suitable at the corresponding fdiosphatase actmiies. 



rhotfihatiM act <oIr BiuU 
per 100 ce 

Dilutloii, 

tUDO. 

Pmod of 
iseutatioD 


AtufnuL 

Adult normal 

2(6) 

4 

20 


Child, normal 

5(4) 

IS 

20 



(6) 


20 


Group 1, si ghUy active process 

5(4) 

20 

20 


Croup 2 moderately active proceu 

20(2) 

50 

20 



(4) 


20 


Group 3, active process 

50(2) 

too 

40 



(4) 


40 


Group 4, very active process 

100(2) 

2oO 

40 



ostotic disease) ‘marble bones,” osteogenic sarcoma, carcinoma of bone 
and healing or healed rickets, group 2 mc(u dea somreases of laono-ostotic 
and polyMtotic osteitis deformans, b>^rp3raLbyroidism, earcinozaa of 
bone, fragibtas o^sium mtb osteomalacia and mcderalelv amve rickets 
group 3 mcluded polyostotic osteitis deformans, extensive carcinoma of 
bone and acti\e tickets, group 4 included severe poljostotic osteitis de- 
formans and severe nrkels T he phosphatase value s m cbnical uivolvenient 
of the liver^ tvith or snthout laundice. hav e frequentiy been similar to 
those m groups I and 2 Anema and cretinism in children are associated 
with lower values adult values are to be expected m sexually precocious 
children 

PhottloTTKlnc Determwattan of Inorgamc Phosphate^ — In this method 
the Roe and WTiitmore* modification of the Fiske and Subbarow* method 
for determining inorganic phosphate and Bodanskx ’s technic for detenmiung 
ph£*^xO?si35P sre vsgd bv! rvJwr cssJorrasetwc Aoay tie sdspird io ibe 

photelometer The ammonium molybdate reagent used in this method must 
be made up every month The cabbration curve is made by using a Ccnco 
orange filter number 4 

'Hoffman VV S. rhotelomeinc nitiMi-a} ChenusUy Kew York, Un Moms and 
Compvny 1941 pp 13S-1S0 

* Ro« J ft , and WTutmore E R Qinico-patholoiac Application of Serum I hos- 
phatase Determinations with Sperial Reference to Lesions of the Bones. Amer Jour 
On Path. ir23J-2o4 (May) 

* Fisle, C ft and Subbarow \cRapra{pda TTie Colonmelnc Determination of 
rho«phofus Jour Biol Chem (50 37»-tOO (Dec ) 192s 
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V King and Annsttong A! teaU«^ phosphat a se Method — King and Arm 
strong' have studied phosphatase acMvitv, maling use of different units 
than those described in the pievjoiis method W Jlb their lest one unit of 
pho'phatase is that amount of en?yroe nhich when allowed to act upon 
an excess of disodium phenjlpho'phale at a of 90 for thirty nunules 
at 37 S® C , will liberate 1 mg of phenol 

Keagfvls — (a) Buffer substrate, a two hundredth molar solution of 
phenjlphosphate m a tnemieth molar solution of barbital Dissolve 10 3 
Gm of barbital sodium and 1 09 Gm of disodium phemlphosphate m 1 
liter of distilled water Add a few drops of chloroform and beep well stop- 
pered in the refrigerator when not in use (Should be prepared freshly each 
month) 

lb) Phenol reagent of Fohn Ciocaheu » (Tliis reagent may be purchased 
from 3 faboratory supply house ) In a 1500 c c riorence Bask dissolve 100 
Cm of sodium tungstate and 25 Cm of -lodium mol>bdaic in 700 cc of 
distilled water Add 50 c c of h5 per cent phosphoric acid and 100 e c of 
concentrated hjclrochloric acid Heat genllv with a reflux condenser for 
ten hours Add ISO Gm of lithium sulfate, SO cx of distilled water and a 
few drops of bromine Doil the mixture for fifteen minutes without a con 
denser to remove the excess of bromine Cool dilute to 1 liter and filter 
There should be no greenish tint to the reagent for use ui the test, one 
part of thu reagent is diluted with two parts of distilled water 

(c) Twenty per cent solution of sodium carbonate 

(d) ^lock standard phenol solution (100 mg per 100 cc) Dissolve 1 
Gm^of-crysialline phenol in tenth normal hjdrochloric acid and make up 
to I liter with tenth normal hydrochloric acd Transfer 2S cc of this 
solution to a 2S0 c c Bask Add SO c c of a tenth normal solution of «ndium 
hydroxide Heat to SO® C Add 2o cc of tenth normal solution of iodine 
Stopper the flask and let it stand at room temperature for thirty or forty 
minutes AddScc of concentrated hydrochloric acid and titrate the excess 
of iodine with a tenth normal solution of «odium thiosulfate Each cubic 
centimeter of tenth normal solution of iodine corresponds to 1.567 mg of 
phenol Diluiethephenolsolutionso that 1 cc contains I mg This solution 
will keep tndcfinitelv 

(e) Diluted slock standard Dilute stock standard (d), one part to ten 
with distilled water (exactly 10 mg of phenol pec 100 c c ) This solution 
keeps at least three months in the icebox 

(0 Standard phenol solution and reagent (1 mg phenol*per 100 cc) 
Take 5 cc of diluted stock standard solution (e) and IS ce of ddut^ 
phenol reagent (d) and iwike up to 50 c c with distilled water This solution 
must be made up daily 

iltthod — I In each of two test tubes place 10 cc of buffer substrate 

•Kn(f r J, and Armslronp: A E A Cbiwenfent Method for Dclermm ng Serum 
aod Pile rhosphalase Actmty Canad Wed Assn Jour J/37fr-r?tl fOcl) IWt 

• Foiin Olio and Gocaiieu Vinlila On Tyros ne and Tiyplophane Ltltimmalwus 
in Proteins Jour B ot Chem. 73 027-050 Uune). 1927 
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(fl) Heat in a water bath at 37.5* C for five minutes or more Without 
removing the lubes from the bath add exactly OS cc of clear well 
centrifuged serum to each Stopper, mix and allow to remain m the bath 
exactly thirty minutes 

2 In each of two test tubes place 10 c c of buffer substrate (a) Add 
0^ c c of serum and 4 5 c c of diluted phenol reagent (3) Pipet 10 c c of 
filtrate from test mixture (1) and 10 c c of this control solution mto clean 
test lubes Add 2.5 c c. of 20 per cent solution of sodium carbonate (c) to 
each tube 'Mix and place tubes m the water bath at 37^® C for five minutes 

3 Prepare a standard by taking 10 c c of standard phenol solution and 
reagent (f) and 2.5 c c of the 20 per cent solution of sodium carbonate Place 
the unknown solution on the left side of the colorimeter and set the scale 
at 30 mm Place the standard on the tight side and match the colors Also 
test the control m the colorimeter m the same manner 

Calculation 


Reading of (he Standard 
Reading of the Unknoim 


X strength of the standard X ^ ~ “S 


of phenol liberated per 100 cc of serum in the test and also m the control 
When the reading for the unknown solution is 30 mm and the strength of 
the standard u 0 1 mg the equation becomes 

Reading of the Standard « 1 v 
30 


As all of the figures m this equation cancel out the milligranis per 100 c c 
“ the reading of the standard therefore the units of phosphatase per 100 
c c, = the reading of the standard (against the test) — the reading of the 
standard (against the control) 

As long as the pnTA-me content of. t h e serum is less than 30 units the 
colorimetric method and calwlalion are ^th carried out as described If 
more than 30 units but less than 60 units are present the unknown should 
be set at la mm In such a case the reading of the standard (agamst the 
test) must then be multiplied by 2 to obtam mg of phenol per 100 c c of 
serum For routine work ifthenuroberofunitsisverybigh it is satisfactory 
to dilute this serum with physiologic salt solution so that the number of 
umts per 100 c c of diluted serum will not be m excess of 60 Tbe_yalues 
fori he King and Armstrong units are about three times those for the Bod^ 
sky units This makes the nonral range up to about is^its with this 

method 

Jcid Phosphatase — OccasKmaJly it is of mterest to detennme the 
amount of phosphatase in serum that will act with acid buffer* ^ 

Reagents — (a) Buffer substrate Two hundredth molar disodmm mono- 

‘ Gutman A. B and Gutman Ethel B An Aad Phosphatase Occtunng m the 
Seram of Pafreots with aietastasuiag CaremozM of the Prostate Gland Joni Cha 
Invest n 473-478 1938 


414 CLINICAt CHTMISTRY 

phenylphosphate m Sorensen s tenth mobratrate — ^hydrochloric acid bufTer 
solution adjusted to 4 8 * 

if elhod — ^The method is the same as that described for the deterirunation 
of alkaline phosphatase The oormal range is about two to three King and 
Armslrong units 

} Iron 

lion in the Blood — ^The dttermmation of the amount of iron in the 
blood furnishes an accurate method for determining the hemoglobin con 
tent, the results are comparable to those which ate obtained with the 
oxygen capacitj It can be used as a research method, or for calibration 
of simpler hemoglobin methods which are described in the chapter on 
Blood, page 209 

Oslerberg, s Modijiratim ’ — Osterberg has combined the method of 
Kennedy* with that of \\ on;;* to make a reliable and accurate method. 

Reagents Required — fo) Concentrated sulfuric acid 

(i) A 60 per cent solution of perchloric acid 

(e) A 20 per cent solution of potassium thiocinnate (or 20 per cent 
solution of sodium thiocy-anate may also be used) 

(<0 Wong iron standard solution Weigh accurately 0 7 Cm of cry’s 
talliaed ferrous ammonium sulfate fdned to constant weight) and dissolve 
in about 50 c c of distilled water Add to the solution 20 c c of dilute (10 
per cent) iron free sulfunc acid, warm sbgbliv, and then add decinormal 
solution of potas«ium permanganate to oxidue the ferrous salt completely 
Dilute to exacllv 1 bter with distilled water One c c will contain 0 1 mg 
of iron 

itiihod'—l Place exactly 04 cc. of whole oxalated blood m a SO-cc 
Nessler digestion tube 

2 Add 2 cc of concentrated sulfunc acid (a) and 1 cc of perchloric 
acid (b) 

3 Digest over a microbumer until the solution is practically colorless 
and fumes of sulfur trioxide appear 

4 After the solution has cooled slightly, dilute with distilled water 
exactly to the 50-c c mark, and mtx by inverting several times 

5 Place exactly 20 c c of the solution m a large test tube and add 5 c c 
of thiocyanate solution (c) 

6 In a test lube which is accurately graduated to 25 c c , place exactly 
iTiforthe standard iron solution (d) Add 0 8 c c of concentrated sulfunc 
acid"(a), and dilute exactly to lhe.20-c c mark and then add exactly 5 c c 
of the thiocyanate solution (c) 

‘Sorensen atrale—IIydrochlonc aa1 buffer si^utton ^H4 8 Dissolve 21 008 Cca 
crystalline cilnc aad in 200 c c normal sodium hydroxide and make up to 1 liter with 
water Take 900 c c and ma w ib lOO cx of tenth normal hydrocUonc aad 

* Personal communication 

* Kennedy R P The Quantitative DetemuDation of Iron in Tissues, Jout Biol 
Cbem. 74 3SS-3<)1 (Aug) 1927 

•Wong S Y Color metric Deternunatioos of I»a and Hemogiobn in Blood Jour 
Biol Chem , 77 409-412 (hlay) 1928 
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7 Compare the unknown with the standard m a colorimeter the stand 
ard IS set at 20 mm 
Calculation 

20 1000 

^ =”8 ofm.>perlOOcc 

Divide by 3 35 to obtain grams per 100 c c of hemoglobin, as hemoglobin 
contains 0 333 per cent of iron 

A “short cut method” of calculating is to set the unknoivn at 25 mm 
and match the standard against it Then multiply the reading of the standard 
by 2 to obtain milligrams of iron per 100 c c 

The unLnowTi may also be set at 14 9, and the reading of the standard 
nhich IS matched against it will give approximately grants of hemoglobin 
per 100 cc 

E. SOtFATES 

rbe consideration of the importance of sulfur in the blood has been of 
interest to biochemists for several years Most attention has been paid 
to the oxidized portion of the nonprotem sulfur, that is the inorganic and 
conjugated sulfates The methods for determination are somewhat mtn 
cate, and extremeh delicate, owing to the small quantity of these matenals 
m norma] blood serum The normal range for inorganic sulfates m blood 
serum is 2 oO to a mg per 100 c c of serum In renal insuSicieiicy occurring 
m glomerular nephritis, p>elonephriiis pro^latic hypertrophy, poljcystic 
kidneys, renal arteriosclerosis, and nephntis of pregnancy, there is an 
increase m the value for the inorganic sulfates in blood serum This mcrea»e 
may occur before other tests reveal any change m kidney function As the 
renal insu/Sciency adrances, the sulfates in the serum continue to increase 
Values may be as high as oO to 100 mg of sulfates in 100 c c of serum 
The best methods for determination depend on the precipitation, b\ 
benzidine m acetone, of the small quantity of sulfates which are present 
m trichloracetic acid filtrates of serum The resulting precipitate of ben 
zidine sulfate may be quantitatively measured colorimetncally by direct 
titration with standard alkali, or by complete oxidation with potassium 
dichromate and subsequent lodomelric determination of the amount of 
oxidizing agent used All of these procedures require the utmost cate m 
technic The latest volumetric benzidine method of Power and Wakefield’ 
IS given 

Inorganic Sulfate in Serum (Method of Power and Wakefield) — 
Glassuare — If the centrifuge tubes are soaked in sulfunc acid-dichromate 
solution, extreme cate is required to rcmo\e the last trace of it Rmse the 
tubes three or four times with tap water and two or three times with distilled 
water, then heat them an hour or more with hot displled water finally, 
again nnse the tubes four or fixe tunes with distilled water Certain soft 
•Power, M II, and ttakefieW, C G A Volumetric Benzidne Jfethod for the 
Detemunatjon of Inorganic and Clberta) Snlpbate in Serum, Jour h ol Cbem, 

678 (May) 1918 
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glass centrifuge lubes that have roHed rims somelimes retain solution under 
the Tims This might constitute a source o{ contamination if such tubes 
«vere used for the precipitation of protein 

Reagents — fa) TncHoracetJC acid fredi«lilled') A solution containing 
20 Cm m 100 cc is prepared as follons The acid is melted m a water 
bath at about 65^ C , 25 c c of the melted acid is transferred to distilled 
water by means of a previously warmed pipet, and the volume is made 
up to 200 c c 

(i) £tb>I alcohol, 95 per cent Ordinary alcohol is redistilled, this gives 
the same results as aldeh^ de-free preparations 

(a) Benzidine m alcohol One gram of benzidme is dissolved m alcohol 
(h) and the solution made to a volume of 100 cc Solutions of purified^ 
benzidine wiU l^eep from one to two weeks in a brown glass stoppered bottle 
Cd) Sodium hydroxide A 001 to 0001 N solution is used, depending 
on the size and graduation of the buret to be used For routine determina- 
tions the use of 0 002 N solution in a 5 c c buret graduated to 0 01 c c and 
provided with a Shohl* needle tip (Fig 105) is convenient one filling of 
the buret serves for several titrations The solution of the alkali is prepared 
essentially free of silicate and carbonate according to the method of FisWe 
and togan * The solution is preserved m a bottle coaled with a purified 
grade of paraffin and provided with a soda lime guard tube The factor of 
a 0001 or 0002 N solution does not change materially for several months 
The buret should be filled without exposure of the solution to air Fiske and 
Logan described a suitable procedure, and various other W3>'s will suggest 
themselves Since filling through the tip introduces traces of grease from 

I Tnchloraretic add wu punfied by divlillalion m votuo (n s 2000 c c pyru distUinr; 
appamlus(No 1170) conncricdlymcan^ofiinililwraioppertoasuctJORflaskasrtceived. 
Ifot water was used in the condenser Considerable bumpinj; occurred in <pile of the use 
of \-anous aniibutnpmg devices nererUieless In the distillation of about 1 Kff of the 
and to which 1 0 Gm of benzidine was adiled u> combine with tbe sulfate a colorless 
and practically sulfate free product was olitatned 

* Tor the punficaiion of ben* dine the ineUiod of Bing (Jour Biol Cbem., 3S7 
{Marcb] 1912) was modified as follows 20 Cm of benzidine was dissolved in 150 cc. of 
70 per cent alcohol (7 volumes of 9o per cent alcohol plus 3 volumes of water) at about 
70” C allowed to crystallize m the refr curator filtered wnh suction and washed witb 
a little cold 50 per cent otcohol The crystals were redissolved in about 155 cc of 70 
per cent alcohol i Gm- of decolorizing carbon (carbominn] was added and the mixture 
heated an additional one or two minutes then Tillered imro^iatelyon a hot water funnel 
through a paper which previously had been xva^ed with some of the warm alcohol 
finally the flask and filler were xvashed with about 30 c.e of warm 50 per cent alcohoL 
The filtrale was cooled in the refrigerator, and the benzidine filtered with sucuon and 
dried m a dark place The air*dned substance contains water and traces of carbon which 
should be removed by rccrysUlUzatlon from dry berizene The ciystals were preserved 
in a bottle of brow n glass. 

*Shoh\,A T A Pipet (or Micro-analyses Jour AnuChem Soc,J0417 (Feb) 1928 
‘ Piske C IL, and Logan M A The Deicrmmauon of Calcium by Alkalimctnc 
Titration II The Precipitation of Calaum in the Presence of Magnesium, Phosphate 
and Sulphate with Applications to the Aa^ysSs of Giine Jour Biol Chem , 93 211-226 
(Sept ), 1931 
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the stopcock, which necessitates more frequent cleaning, it is preferable to 
fill through the top A soda lime guard tube is then attached 

(e) Phenol red A 0 01 per cent aqueous solution of phenol red is used 
This solution should be clear and free of suspended particles 

Method — 1 DeproicimtaUem — ^Add 2 cc of 20 per cent trichloracetic 
aad (a) to 2 c c of serum in a centrifuge tube, mi^ with a glass rod, care 
fully breaking up the curdy precipitate, and allow the mixture to stand fif 
teen to thirty minutes, stirring thoroughly once or tince agaui Close the 
tube with a rubber cap centrifuge and filter the 
supernatant fiuid through a small sulfate-free 
filter paper Filtrates made m this manner con 
tain substantially the same amounts of sulfate 
as do those from nurtures which are made up 
to a definite mark m a volumeinc flask before 
filtration If the quantity of sulfate m the serum 
is greater than normal, remove proteins at a 
dilution of 1 5 or I 10 by using for one volume 
of serum four \olumes of 11 5 per cent or nine 
volumes of 10 per cent trichloracetic acid respec 
lively The acidity of these various filtrates will 
correspond to about 8 5 per cent trichloracetic 
aad for serum which contains a normal amount 
of protein Variation of acidity from 7 to 10 
per cent is without material mfiuence on the 
result 

2 PrectptlaUon of Benzidttte Select 

a pyrex centrifuge tube that is not scratched or 
etched on the mside and that is of such size and 
shape that the rounded end of a 3 0 to 3 5 mm 
glass rod will tnak* approximate contact with the 
mside surface at the lip To 2 c c of fillnile m 
such a tube add 5 c c of benzidine reagent 
(c) stir the mixture with a glass rod, withdraw 
the rod nnse it with a few drops of alcohol 
dose the tube with a rubber cap, and place it needle adapter for 

in the refrigerator After an hour or more, sm^ siuge Luer hypoder 
centrifuge the tube for about ten mmutes at mic needle (Cold) 

2500 to 3000 revolutions per minute (the radius 

of the centrifuge head used was 14 cm) decant the supernatant fluid 
carefully, allow the last drop or two to fall onto a clean towel then 
mvert the tube oxer the spot so moistened Allow to dram about fixe 
mmutes wipe the mouth of the tube with a clean towel add 5 to 6 
c c. of alcohol (b), carefullx rinse the sides from the top downward puixenze 
the precipitate of benzidine sulfate with a moderately pointed pjTcx rod, 
remox’e the rod, nnse with a lilUe alcohol, mix the precipitate and wash 
fluid by roUmg the tube betweai the palms of the hands, add 5 to 6 c c 
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more of aicoliol, again nnse the sides, roll the tube between the hands 
again, cap the tube and centrifuge Decant and dram over a moistened 
towel as before 

3 Ttiration of Bensidttie Suljaie — Add 2 0 to 2 5 c c of hot distilled 
water, rinse the walls of the tube, add 0 1 c c of phenol red (e) and a slender 
pyrei rod, and place the tube ui a beaker of water boiling over an electric 
plate After a few minutes the precipitate wil! usually dissolve completel> 
espeaally if broken up b> means of the rod Remove the tube from the 
water batli, introduce a fine p>Tex jet for the dehverj of carbon dioxide free 
air,* and titrate with a 0 002 N solution of sodium hjdcoxide (d) until the 
vellow of the indicator undergoes the first easily recognizable change of 
color, but avoid the production of much pmk Place the tube back m the 
water bath for one-half to one minute to insure solution of any imdissolved 
benaidme sulfate, and continue the titration if the jcllow color returns 
Duplicate determinations will usually agree to within 001 cc or less 
Subtract from the reading a blank v-alue obtained by titrating mdicator 
and water in a manner similar to the titration of benzidine sulfate This 
correction has been found to be around OOOS and 0012 ec at volumes of 
2 5 and 50 cc rcspeclncly Likewise standardize the alkah b> titrating 
about 2 cc of 0004 N acid as m an unknown titration sobtrociing the 
value of the indicator unter blank before calculating the factor Wien 
the amount of benzidme sulfate is la^e, the bulk of it may be dissolved 
and titrated without the introduction of the air stream, the tube then is 
replaced in boihng nater to dissoli-e the remaining sulfate, the jet for 
debvery of carbon dioxide free air is introduced, and the titration is com 
picted 

CalailaUcn^U the benzidine sulfate from filtrate equivalent to 1 cc. 
of serum is titrated mih 0 002 N solution of alkah, the amount of solution 
m cubic centimeters required, minus the value of the indicator water blank, 
is multiplied bj 9 6 This gives the inorganic sulfate in terms of miUigraros 
for each 100 cc of serum 

Inorganic Sulfate in Unne — The reagenls arc the same as those used 
for the determinabon of serum sulfate except that (o) 10 per cent solutions 
of trichloracetic acid, and (d) 0 01 K solution of sodium hydroxide are used 
Take 1 c c of urine, add 9 c c of 10 per cent tnchloracctic acid, making a 
I 10 dilution Filter and transfer 2 c c of the filtrate into a 15 cx. centn 
luge tube Add See of 1 per cent benzidme reagent, mi-x and proceed ^ 
m fee serum mefeod except feat fee titration is carried out wife 
solution of sodium hydroxide jllultiplv the titration value by 240 and by 
the correction, factor for the sodium hydroxide reagent (if necessary) to 
obtain the amount of sulfate in nuHigiams for each 100 c c of unne 

The sulfate clearance may be determined in a manner similar to urea 
clearance (p 174) 

ipowei and Wakefield liaxe encountered samples of tubing which slowly liberate 
volatile bases in spite of careful deanmg wiib aftab or subsequent soaking m d lule aaa 
Sueb tubing must not be used for the debvery of carbon diox de free air 
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L Total Base Sodium avd Potassium 

Total Base — The deternunalion of total base m blood and unne has 
been of interest in nephnlis, acidosis, pjloric obstruction, diabetes, pneu 
morua, Addison’s disease, and m studies of nater balance generally In the 
scrum of normal human beings, total base is about 150 to 160 millequiv 
alenls, or amounts to about mg per 100 c c Osmotic pressure, and 
ph>'siologJc neutralit} nithin phwioiogic limits are maintained primanT^ 
bj the total base content in both extracellular and intracellular fluids 
In Addison’s disease, the \-ilucs for the total base are Ion during the crisis 
In pneumonia there is h>’pochloremia and a deficit in the serum base For 
a method for the determination of the total base, the reader is referred to 
the technic nhich has been described b\ Stadie and Ross ‘ 

Sodium- — Kramer and Gitt{eman'ha\e described an lodoraetnc method 
for the quanlitatue anal^-sis of sodium m scrum The normal amount is 
about 325 to 350 mg per 100 cc of scrum It is endent that changes in 
total base mil be chiefly mdicated b\ changes in sodium content In acidosis, 
tie salue for sodium ma) be as Ion as 200 mg per 100 r c. of serum The 
method for the determination of sodium is as follows Readmit — (c) Potas- 
Sima p>Toantimonale reagent. Dissolw 10 Cm of potassium p>ToanU 
ffionate (J T Baker) in 500 c c of boding distilled water m a P>Tex flask 
Continue boding for three to five minutes Then cool the flask under running 
water WTiencool.addlScc of a 10 per cent solution of potassium hjdroxade 
(alcohol washed) which has been kept m a paraffined bottle Filter through 
ash free filter paper into a paraffined bottle Ten cubic centimeters of this 
reagent will precipitate 11 mg of sodium Test 10 c c of this reagent inth 
2 c c of distilled water and 3 c c of 95 per cent alcohol There should be 
no precipitate of sodium or of potassium pjToantimonate 
(5) 95 per cent alcohol redistilled over potassium h>droxide 
(c) 30 per cent alcohol 

(<0 Ten normal hj'drochfonc aad (concentrated h>drochIonc aad, 200, 
distilled water 60 c c ) 

(e) 20 per cent solution of potassium iodide 

if) Tenth norma! solution of sodium thiosulfate Dissolve 24 S22 Gm 
of <odmm thiosulfate in 1 liter of distilled water 

(g) i per rest sciatica o/ sduhis starch Src^y each day 

Mtlf-od ~1 Place 2 c c of scrum m a large pvrex centrifuge tube 

2 Add 10 cc of the pyroanlimoDate reagent (o) and 3 c.c of 95 per 
cent alcohol (6) drop bj drop stirring continuous!} with a rubber tipped 
glass rod Stopper and let stand for thirty minutes 

3 Centrifuge for thirty minutes, decant the supernatant fluid and dram 
for fifteen mmutes 

* Stadie W C , and Ross, CCA Mien Method for the Detenmnation of Base n 
Blood and Serum and Other Biological Matenals Jour BioL Chem, 4S 73o-7o4 (Oct.), 
1925 

* Rramer, Benjamin and Cittlcman I AnlodometncMclhodfortheDetenamatjon 
of Sodium jn Small Smounts of Serum Jour Bwl Chem., 62 3a3-3fiO (Dec.) 1924 
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4 AddlOcc of 30 per cent alcob<i!(c) to the precipitate MtTandccntrw 
fuge for Iwenly minutes Decant the supemaiani fluid carefully 

5 Add to the preapitate See of 10 noimal hydrochloric acid (d) and 
stir thoroughly 

6 Transfer the mature to a 125 cc flash with 10 c c of distilled water 
Add 2 c c of 20 per cent solution of potassium iodide ie) and titrate wnth 
tenth norma] solution of sodium thiosulfate (J) Add 1 c c of starch solution 
(g) when the color is almost gone and titrate drop by drop until dear 

Set up a blank of all of the reagents without serum and titrate in the 
same manner (This titration should require about 0 05 c c ) 

CoJatlalion — ^Number of cubic centimeters of solution of sodium thio 
sulfate used in the tUralion of the unknown minus the numlier of cubic 
centimeters used m the titration of the blank X 1 IS X 50 = mg of sodium 
per 100 cc 

Potassium. — Kramer and TisdalP ha\e described a method for the 
quantitative determination of potassium m serum The method may also 
be applied to deternunatjons of potassium In urine The normal value for 
potassium is about 20 mg per 100 c c of serum In acute fevers there w 
an increase m the concentration of potassium values as high as 70 mg or 
more may be found The method for the determination of potassium is os 
foUons 

Reagents ^(a) Sodium cobalti nitrite reagent Solution A Dissolve 25 
Gm of cobalt nitrate crystals (J T Baker) ui 50 cc of distilled nater 
Add 12J c c of glacial acetic acid Solution B Dissolve 120 Gra of sodium 
nitrite (potassium free) in IfO cc of distilled water (The total volume of 
this solution wiU be about 320 cc ) Add 110 cc of solution B to all of 
solution A There will be an evolution of nitric oxide a)) of which should be 
removed by drawmg air through the solution Place the reagent in the 
refrigerator and filter each time before using It will keep at least a month 

(5) Tiftieth normal solution of potassium permanganate Dilute tenth 
normal solution of potassium permanganate five times (See page 403, 
calcium reagent [d\ for the preparation of tenth normal potassium perman 
ganate solution ) 

(c) Hundredth normal solution of sodium oxalate Dilute tenth nonnal 
solution of sodium oxalate ten times with displled water to make hundredth 
normal solution (To prepare tenth normal solution of sodium oxalate, 
dissolve 6 7 Gm of Sorensen's sodium oxalate in a htcr of distilled water 
with the aid of 5 c c of concentrated sullunc acid ) 

Approximately Jourth normal sulTunc acid Dilute 2D cc di con 
centrated sulfuric acid to 100 cc with distiUed water 

Mclfod — I JleasureexacUy I cc of efearjen /» intoa 15cc.graduated 
centrifuge tube Add 2 cc of sodium cobalti nitrite reagent (a) drop by 
drop and thoroughly mix Place in the refrigerator for forty five minutes 

‘ Kramer B and T sdaH T T A Clin cal Method lor the Quant Ulive Bet»r 
tcunal oa o{ rotasaum In Smjdl Amoanis a( Senira Jour B oL Oiem., 46 3J9-345 
(April), J921 
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2 Add 2 c c of water Mix the conteots of the tube and centrifuge at a 
speed of 13C0 to 1400 resolutions per minute for thirt> minutes 

3 Decant the supernatant fluid Gently add 5 c c of distilled ssater to 
the residual reagent without disturbing the precipUale Centrifuge for five 
minutes and again decant the supernatant fluid Repeat this careful washing 
and centrifuge tmee more, mahing three washings In all 

4 Add 1 c c of approximately fourth normal sulfuric acid (cf) and 2 c c 
of fiftieth normal solution of potassium permanganate solution (b) Thor 
oughly mix the preapitate with the reagents by means of a glass rod Heat 
m a boiling water bath for about a minute untd there is no change in color 

5 Add suffiaent hundredth normal solution of sodium oxalate (usually 
2 c c ) to decolonre the solution completely 

6 Titrate for the excess of oxalate with fiftieth normal solution of 
potassium permanganate (b) until a definite pink color is obtained 

A blank determination should be made on the reagents without serum 

Calctilahon — Two cubic centimeters + the number of cubic centimeters 
of solution of potassium permanganate used m the final titration — the 
titration of the blank X 2 « the number of cubic centimeters of hundredth 
normal solution of potassium permanganate The number of cubic cen 
tuneters of hundredth normal solution of potassium permanganate — 2 
(c c of hundredth normal solution of sodium oxalate) = number of cubic 
centimeters of solution of potassium permanganate required to oxidize the 
potassium cobalt! mtnte The totalnumber of cubic centimetersofhundredth 
normal solution of potassium permanganate required to oxidize the potas* 
Slum cobalti mtnte X 7 1 = mg of potassium per 100 cc of serum The 
formula is [(2 c c + titration — blank) X 2 — 2) X 7 1 = mg of potassium 
per 100 c c of serum 

Bile Pigmeht 

The faint yellowish tinge of normal blood plasma and blood 
serum is probably due to minute traas of bilirubin In jaundice the 
yellow color becomes much deeper, and this may be evident m hepatic 
and hemol>tic diseases at a time when no jaundice of the skm or 
sclera can be discerned 

years' age? rfifvariKinf £ iWvr Abfisvy’ Ss\r 

He presented an mteresting diagram which demonstrated the struc 
ture of the hepatic lobule, and the vanous ways by which jaundice 
might arise These theones ha\e been elaborated by others The 
most recent working hj^jothesis, which has been presented by Elton,* 
IS an ingenious diagrammatic explanation of the function of the 
hepatic lobules and circulation through the li\er (Fig 196) Accord 

‘McNee J W Jaundice a Review of Recent W ork, Quart Jour Med , /d 390-420 
(July) 1923 

* Elton, h W The Mechanism of Jaundice A Working Hypothesis, Amer Jour 
Chn Path^ 5 40-S4 (Jan.), 1935 
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ing to this theory, the hepatic lobule, from the stand}X>int of excretion 
of bilirubin, may be divided ioto two major functional zones and an 
intermediate zone The "acceptance zone" is that portion of the 
lobule in which the Kupfier cells take up bilirubin and pass It on to 
the underlying hepatic parenchyma where in the "conversion, or 
intermediate zone" it is converted by neutralization to bilirubinate, 



Hs 196 — Silirubiti excretion mechanism Radial structure of liver lobule causes 
marled lurrowins of sinusoidal stream bed os it converges toward the central \em and 
a marked reduction m number of |>olygona) cells caro>nc original pigment burden from 
penpheral parenchymal aSerenta (Norman W. Uton, ja Am. Jour* CUn Path., January, 
1935, Williams and Wilkins Co , ^bhshen) 

thereby becoming water soluble. The "excretion zone” is the central 
portion of the lobule where bilirubinate enters the bile canaliculi 
from the polygonal cells, and through which it passes as a bile con- 
stituent to the peripherj’ and into the hepatic ducts Jaundice, or 
leakage of bile, m which either bilmibin or bilirubinate may pass into 
the general circulation, may occur from the following causes according 
to Elton’s hypothesis (1) Medrauical obstruction of the bile ducts, 
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With a positive direct v'an den Bergh reaction, (2) dynamic elevation 
of the excretion threshold existence of a reactive state in the liver, 
with o\ erloading of the functioning lobules, and cessation of function 
in others, such as occurs occasionally m lobar pneumonia, in catar 
rhal jaundice, and in infectious jaundn^, (3) adjTiamic elevation of 
the excretion threshold, as seen in familial icterus, v\here the fault 
mav lie m the function of the Kupffer cells or possiblj in the size of 
the bilirubin particles, (4) pigment overload, which causes bilirubinate 
to leak into the blood stream, (5) damage to hepatic parenchyma 
from toxic a^nts of all sorts, and (6) patent ductus venosus, which 
Mann has pomted out is a natural ‘ Eck fistula,” ma> well explain 
icterus neonatorum Two or more of the preceding factors ma> operate 
together to cause jaundice 

Mann,* and Mann and Bollman’ have studied the function of the 
liver most extensively and have demonstrated that jaundice ma^ be 
produced expcnmentally in dogs by methods which involve the liver 
Complete removal of the liver produces jaundice of a hemolytic type 
m that bilirubin of the blood responds ‘‘indirectly” in the v’an den 
Bergh reaction Occlusion of the bile ducts or hepatic injurv mcreases 
the bilirubin content of the blood, produang a ‘‘direct’ reaction 

The recogmtion of hile staining of the plasma is a ver> sensitive 
and \er> definite means of detecting slight grades of jaundice and of 
recopiizmg fluctuations in the severer grades 

A diet of carrots, especian> popular for >oung children, maj give 
a peculiar jellow tinge to the skin and blood serum, known as caro- 
tmemia It does no harm and disappear after removmg the vegetable 
from the diet 

Carotin m Blood Serum, or Plasma — Place 10 c c of serum or 
plasma in an Erlenmejer flask with about 40 Gm of plaster of pans 
\dd 10 c-c of alcohol, and mix thoroughly Add 10 c c of low boiling 
petroleum ether and shake vigorouslj , and filter If carotin is present 
the filtrate wiU be j’ellow Evaporate to drj'ne-'S on the steam bath 
Add 10 c c of alcohol to the preapitate Carotin is present if the 
preapitate is yellow and soluble m this alcohol 

In testmg for bile pigment either plasma or serum may be used 
but the blood must be secured with careful avoidance of hemolysi's 

Test for Bile Pigment — Gmelin’* test may be applied by overbynne 
the vellow nitnc acid with the serum or plasma A broad white nn^ cf 

* ^Unn, F C. Hfpatac Function in Bdation to HepaUc PaUjology, Eipenmental 
Ob^r>‘ations, Ann Int. ifed , f -IJZ-tlJ (Oct ) 1954 

* Slajin F C., and BoUman, J L. Jatind ce A Re\iew of Some ETpenmental In 
»«stig3tioas, Jour Act Mfd Assn , /<W571-i374 (Teb 3), 
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coagulated ptotem appears at the aine of contact The appearance of a 
narrow bluish green ring m the midst of the white indicates an abnormal 
amount of bile pigment The serum of normal persons will sometimes give 
a very faintly positive reaction, the colored ring becoming evident only 
after half an hour The test is said to detect 1 part of bilirubin m 30,000 
or ^ 000 of serum 

'-/^‘Icterus Index” Determination — Bernhard and Waue, modifying 
Meulengracht’s method, have made use of the Duboscq colorimeter m 
which the blood serum, diluted 1 2,1 4,1 10, and so forth as may be 
necessary, is compared wiUi a color standard consisting of 1 10,000 solution 
of potassium bichromate The reading of the standard is divided b> the 
reading of the unhnown and this multiplied by the dilution to obtain the 
icterus index ” Stetten has found the norma! by this method to be between 
2 5 and 5 average 3 6 Two drops of sulfuric acid added to 500 c c of the 
potassium dichromale solution is said to make a stable standard solution 
It should also be kept in a dark bottle away from the light 
' Van den Bergh Quantitative Method for Serum Bilirubin {ifodilicatton 
of Thannhattser ond Attdtnon')-~~V.ht\\ch found that when sul/anilic aad 
and sodium nitrite were added to a solution of bilirubm a colored addition 
product, azobilirubm, wns formed This reaction is specific and will detect 
bilirubm m a dilution of 1 1,500000 Van den Dergh precipitated the 
Dlood serum protein with alcohol, which alsoserv es as a solvent for bilirubm 
and showed that Chrlich s reaction could be applied to this alcoholic extract 
\\ hen a \ec> small amount of biUrubin is present m the blood serum with 
hemoijsts as the source of the pigment, alcoholic extraction is necessary 
This IS the principle of the ‘ indirect reaction ” On the other hand, m 
obstructive jaundice with bile itself m the blood serum alcoholic extraction 
IS not necessarj, as the characteristic color reaction appears at once on 
addition of the reagent This is the ‘ direct reaction ’ Either serum or plasma 
may be used for the test, but it must be clear and free from hemoglobin 

Reagevls Required — {a) Standard arliricial bilirubm solution (1) Dis 
solve 0 1508 Gm of ammonium iron alum in 50 c c of concentrated h>drO' 
chloric acid, and add water to make 100 cc This solution will keep 
indefimtelj 

(2) To 10 cc of (1) add 25 cc concentrated hjdrQchlonc acid, and 
water up to 250 c c This solution keeps about six months 

(3) To 5 cc of (2) add 5 cc of 20 per cent potassium sul/ocjanide 
in a glass stoppered cylinder (50 cc capacity), add 20 c c of ether Shake 

mrfi ‘mnn/rer Vftivr v \u r» cdrorntrt'tw cup Tl^ifs Vrairfiarh 
must be prepared each day a test is made, and represents 0 5 rog of bibrubm 
m 100 cc 

• ThaimbauKr J S and Andnson Ik Method k der quanlltativen Bllirub n 
bestimmung Ira mensch! chen Senim Deutscb Arch / klin Med. /J7 (Aug) 

1921 absl Jour Ara Med Assn 771292 (Oct) 1921 Greene, (k 11 Snell A M 
andWalters V.aIUnarv Diseases o( the liver LASurveyef Testa tor Hepatic Function 
■Ireb lat Ated 30 24S-272 (Sept ), 192S 
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(6) Sulfanibc reagent- This is freshly prepared Ehrlich’s diazo reagent 
It IS made of two solutions each of which keeps ■nell, but the mixture must 
be made immediately prior to the lest 

Solution A SuUandic aad, 5 Gm , concentrated hjdrochlonc acid, 
50 c c , distilled water to make 1000 c c 

Solution B Sodium nitnte, 0.S Gm , distilled water, 100 c-c 

Take 0 8 c c of solution B and make up to 25 c c with solution A 

(c) Saturated solution of ammomum sulfate 

(d) Ethyl alcohol, 95 per cent 

Melhod — 1 To 2 cc of clear serum add 1 cc of freshly prepared 
sulfanihc reagent (h) If there is a marked color change this may be compared 
at once with the st^dard, the “direct reaction “ 

2 Add 2 c c saturated ammonium sulfate (c) 

3 Add 10 c c 95 per cent alcohol (d) 

4 Centnfugalize 

5 Compare natb standard (a) in a colorimeter, setting standard cup at 
20 mm 

Calcula'ion 

Readme of Standard f20) .... 

-f ^ X 3 75* =• mg of bilirubin m 100 c c of serum 

Reading of Unknown ** 

Normal blood cootams less than 1.5 mg of bilirubm for each 100 cc 
of serum 

The technic which has been previously described is used in many labora 
tones, but a number of criticisms and modihcaiions have been offered 
They concern the standard, the dilution factor as it is modified bj the 
precipitate in the centnfuge tube, and the method of observing the “direct 
reaction ” For 3 discussion of these cnticjsms, the reader rs referred to 
an editonal by ^lagath * The standard that has been described matches 
more nearly m color than any other artiScial bihrubin standard Another 
standard that is used m man> laboialones is the cobalt standard of McNce * 

McNee’s Standard for Scrum Biltnibw — Dissolve 2161 Gm of anhy 
drous cobalt sulfate, or 3 92 Gm. of CoSO« 7HtO, m distilled water and 
dilute to 100 c-c. This is a permanent standard, and is preferable for that 
reason alone The color matches rather well, but is not nearly so close a 

There has been much discussion as to whether the ongmal standard 
represents a dilution of 1 200/W or 1 250,000, that is, whether 0 5 mg 
or 0 4 mg should be used in the calculation It is obvious that this is a 20 

‘Tlie serum, 2 C.C., {a diluted 7 S Umes l^r the add tion of 15 ex. of reagents ( 6 ) 
(e) (<f) It u matched against a standard of Oi mg to 100 cx. Thertfore for I mg to 
lOOcc the factor is one half 0 ! or 3 75 

* Editonal The Serrim Clirubin Test Jour Lab andCIm Med., /f "974 G*®e), 1953 

•McNee J W., and Keefer C.S The Q n cal Value of the N^an den Beigh Reaction 
tor Bilirubin in Blood with Notrt on Imprwvements in Its Technic Bnt Med Jour., 

^ 52-54 (July II), 1923 
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per cent discrepanc) However, van den Bcrgh and Grotepass,' m reporting 
an unproved method for the determmatioa of bilirubin m blood serum, 
consider the concentration of aro bilmibio, as represented in the standard, 
to be 1 200,000, and not 1 250,000 The new method is an improvement 
only m the use of a Schott’s green hght filter (SSi), transmitting Lght at 
520 to 546 pp and a fine blach gauze screen made of wires of 0J5 mm 
diameter, and mesh measuring 1 nun No standard w necessary after the 
colorimeter readings have been calibrated In the method that is described 
there is a considerable precipitate of protein which is brought down b> 
the ammonium sulfate The rjuestion arises whether the color is all m the 
alcohol above the precipitate, or whether some has been carried down 
with the precipitate In the footnote explanation of the calculation, it is 
seen that the precipitate is disregarded Some authors prefer to measure 
in cubic centimeters the alcohol layer above the precipitate and to use the 
following formula 


Reading of Standard 


Reading of Unknown 


X volume of alcohol Ujer X 0 5 *= mg bilinibm per 
100 c c of serum 


In their new method, which has been referred to previously, van den Bcrgh 
and Grotepass have attempted to prevent the adsorption of bilirubin to the 
elbuffluious precipitate b> adding to the serum a mixture of reagent, diluted 
with 50 per cent alcohol which has been prepared with a buffer solution of 
pH 6 6 It must be remembered, however, that the method at best is ooI> 
an “estimation” and bas never been considered a very accurate quantitative 
method In considering the type of reaction which goes by name of v'an 
den Bergh, several authors have advocated a method which first was 
described by Lepehne,* and in which the serum and reagent are brought 
together to form a simple “ring test ” The direct reaction, as a result of 
the action of Ehrlich’s diazo reagent on the water soluble bilirubinate 
which is found m the blood m obstructive jaundice, is mcely demonstrated 
m a ring test which has been described by Elton,* as follows 

Place 1 c c. of dear serum in a 15-c c graduated centrifuge tube Slant 
the tube to a nearly horizontal position, and add 0 5 c c of diazo reagent 
m such a manner as to overlay the serum Restore the tube to a vertical 
position and examine the contact rone of the two fluids for the development 
of a reddish ring If no color appears within suttj seconds, gently shake the 
tube and thus lower the contact rone in the tube, and observe for another 
ten mmutes The quantitative test may then be earned out in the same 
tube by hsli the qusctiCnes ased la &e Thinahsascr and Anders!^ 
method as desenbed 


* Van den Bergh, A A. II , and Grotepass, W An Improved Method lor the Deter 
mmation oIBJirobin in Blood Bnt Med Joar^ / 1157-115P {Jun« 

I Lepehne, G VVeitereDotenudnineen fiber Calienlarbstoff m BluUeruna des Wen 
sclsen, DeuUch, Artb I Jthn Med , IJJ 79-107 (Jan 25) 1921 

•Elion, N W The Mechaoissa oC JumdKc A Worting Ilypoihesis, Am. Jour 
CLn Path., 5 40-54 a»n ), 1935 
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P/ioMotnelric Determination of Serum M3iruiin^^* **—'HoSta&n‘ stated 
that a thousandth normal solution of potassium permanganate gives the 
same reading with a green filter as does IheaMbihrubm solution, representing 
10 rag per 100 cc. Therefore, for a standard, Hoffman prepared a five 
hundredths normal solution of potassium permanganate Dilute 2 c c. of 
this Solution to 100 c c m a volumetric flask and mix. Read tins solution 
in the pboteloraeter, using Cenco number 2 green filter, with distilled water 
set at 100 Plot tins readmg as 10 mg bilirubin per 100 c c Plot 0 mg con 
centration at 100 on semiloganthmic paper Draw a straight fine through 
tb^ two pomta to make a calibration curve vvhicli is just as accurate as 
one made from so-called pure bihrubm 

y/ W TES:re O F LiVEtt Fdwctiow _ 

Following the great success of the phenolsul/oaphthalem test of 
kidnc} function, Rowntree and his co workers applied a similar test, 
to the hver, using phenoltetrachlorphthalein, which they found to be 
excreted practically od1> bv the liver and to be nontovjc A dehnite 
dose was administered intrav enouslj and the amount recov'erablc 
from tlie feces in forty eight hours was taken as in indcv of the func 
tional capacity of the liv er For various reasons the test did not meet 
generalfavoT It was later modified bj H L Mc\eil who determined 
the time required for the d>e to appear m the bile and measured the 
amount which could be recovered from the duodenum within two 
houiT b} means of the duodenal tube, but obtained inconstant results 
In 1922 Rosenthal mtroduced the method of measuring the amount 
which remains in the blood at definite periods after intravenous 
injection of 5 mg of dye per kilogram of bod> weight More recentlj 
he substituted bromsulfalein for phenoUetrachlorphthalein He has 
found that a n onoal liver mil mogf nf fhe_rfig_frora the Ij ooH 

W it hm fifteen minutes and practically all nf it wnthin an hour, wlu le 
m animals whose livers have been dam^ccd exP pnmpntaHy and in 
human beings with define hepatic disease the dye is removed much 
more slowly, and considerable amounts maj remam for three hours 
or Awrger hsacs must cispse hdurs s luacticn 

test using phenolsulfonphthalem is attempted, othermse the kidncj 
function test will not be reliable 

* ifalloy II T., snd Evdyn K A Hie Oeterramt on of Bilirubin witb tho Phoio- 
dectnc Colonmeter Jour BioL Chem Jt9 481-490 (July) 1937 

‘Hoffmaa IV S Pl>otd©a»elnc CUmatS CbeiBUtry Ivew Vorfc, VVja. ilorns and 
Company, 1941 pp 231-243 

* G ordano, A S and Eager Hease The QuanUtative Est cnation of COirub a m 
tbe Blood ^erum or Plasnsa. Amer Jour Chn Path. 6 2S6-292 (May) 1936 

Osterbeix A £ New Van den Ber^ Keacbon for the Determination of Serum 
Bilirubin Utihziog the PBotdometer Jour Lab S. CEn Med, 22 729-733 (Apr) 1937 
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'^osentbal’s Biomsulla leln . Method.* — -The dye a conveniently used 
m 5 per cent solution One-lcnth cc Ui«i contains 5 mg of the d>e This 
solution, stenlized and put up in seated ampules, may be obtained of 
Hynson, Westcott, and Dunning, Baltimore, as may also the set of color 
standard The sfundardj may also be prepared by plaong 0 08 c c of S 
per cent solution of bromsulfalein (4 mg) in 100 cc. of distilled water 
Alkalini 2 e with 0 25 c c of 10 per cent solution of sodium hydroeidc Thu 
standard is designated as 100 per cent From this solution make dilutions 
with alkalinized water containii^ 80, 70, dO, 50, 40, 30, 20, 15, 10, and 
5 per cent 

Method —1 Weigh the patient, calculate the amount of dye reqmred 
for the test, allowing S mg for eadi kilogram of body weight For each 
10 Kg or for each 22 pounds of body weight, take t “ci of the stenie dj^ 
solution as fumuhed bylhe manufacturer ' 

(Originally 2 mg for each kilogram of body weight was recommended 
as the test dose, and in some laboratories this dose is stiU preferred If this 
dose u used the values are less for normal liter fuscliOQ ) 



Tij 107 — Rosenthal colontneler for bromsulfalcjn liver fimclion test. Suppled hy 
Ifytuon tVestcott, and Dunaine, BallJmorr Md 


2 Draw the required amount of dye into an accurately calibrated glass 
syringe, and inject the dye slowly, without diluting, into a vein m the 
patient's arm 

3 At the end of thirty tninules secure 5 c c of blood from the other arm, 
using a dry needle to avoid hemolysis Collect the blood in a dry centnfuge 
tube and centrilugahze to separate the serum 

4 Determine the amount of dye in the thirty minute and one-hour 
samples of blood This determination Is best made in the special coloruneter 
furnished by the manufacturer (Fig 197) Bqual quantities of the serum 
from each specimen are pipetted off mto two small test tubes of the same 
diameter as the color tubes of the colorimeter To one of the tubes add a 
drop of 10 per cent sodium hydroxide Place the tubes in the colonmeler 
side by side and match by placing the standard tubes behind Ihe lube 
without the alkah (If there is a slight tinge of hemoglobin in the serum, a 

• Rosenthal, S M., and Whit^ E. C Applcadoo of the Bro«sulph3l«° 

Test for Hepatic Function, Jour Ain,Med.A«3a., ^4 1113-1114 (Apr 11) 1925 
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drop of 5 per cent hydrochloric aad may be added to the control t Ae ) 
The percentage strength of the d>e is marked on the standard tube 

In liver disease the d^-e is retained m the blood m concentrations that 
xTiry fro m 0 to 100 per cent of the amount injected In many laboratories 
It has been found to be more useful to mi ectS mg of dye for each kilogram 
of body vreig ht This amount is two and a half times the dose originally 
recommended One cubic centimeter is injected for each 10 Kg , or 22 pounds, 
of bod> weight The determination of d>e retention is made at the end of 
exactl) ont hour after the intravenous admmistration The standards for 
the 2 mg dose may be used, but it must be remembered that m comparison, 
if a 5 mg dose has been injected, the percentage of d>c retamed is only 
two-fifths of the percentage marked on the standard tube It makes the 
calculation easier to relabel the standard tubes to conform with these per 
centages If the dose of dye is S mg per kilogram of body weight, the normal 
amount of retention m one hour is less than 6 per cent. Impairment of h^e^ 
funcfaonjwill show a retention of dye between 6 per cent and 40 per cent 
or more 

v^^RoSe Bengal Test — -Instead of bromsuUalem, rose bengal, 'special 
for mtra\enou3 use” (di sodium tetra iod(>-ietTa_chlor fluorescin ) may be 
used to advantage accorihng to Delprat' his co-workers Their test 
bnefly is as folloivs Inject intn>’enousl> 5 to 10 c c of 1 to 2 per cent 
rose bengal in physiologic salme solution Two mmutes later withdraw 
8 c c of blood and place in a tube contammg orahte (see p 360} The 
plasma of this «ample is used as a ' standard ’ CxacUy six minutes later, 
withdraw another 8 c c of blood and use this as a test sample It has been 
found, by experiment, that m six mbutes the amount of color in the plasma 
is only SO per cent of that m the standard plasma Centnfugalize both 
samples Take 3 c c of plasma from each sample, add 6 c c of acetone to 
preapitale the proteins, and rcccntnfugalize If the plasma is yellow from 
bde pigment, add 3 drops of saturated solution of sodium hydrate, let 
stand in subdued hgbt for fifteen minutes, centrifugalize again, and com 
pate with the standard in a colorimeter As the normal is only 50 per cent 
of the ‘ standard,” higher \'alues mean lower hvcr function The calculation 
IS as follows 

200 RS 

200 - « per cent of normal liver function where RS is the col 

onmctcf reading of the first (two-minu(e) sample and Ru of the second 
(eight mmute) sample 

Ro«e bengal is photosensitizing so patnmts should keep out of direct 
sunlight for a few hours, and they should he warned that their stools will 
be dyed red 

* Delprat, G D Studia on Liver Functlwi Koie Beagal ECmhiatioa from Blood u 
Influenced by Liver Injoiy, Arch. lot. Med, J?-4OMI0 (Sept.), 192J Slowe, W P., 
Dclpnt, G D., and Weeks, AUnsoo The Rose Bengal Test of Liver Function Am 
Jour dm. Path, ? 5S-eO Om ) 195* 
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-Galactose Tolerance Test • *t* * — This test is not entirely reliable, but 
if carried out properly it maj be of value in the differential diagnosis of 
jaundice It depends on the use of a simple sugar, « hich is available in pure 
form, and whicli is promptly assimilated and converted into glj cogen by a 
normal liv er The rest of the body seems unable to store galactose Galactose 
IS not a “renal threshold substance ” 

The patient should tale the galactose in the morning before breakfast 
Save a mommg sample of urme Give exactlj 40"tni of pure galactose 
m 500 c c of water which is flavored with lemon juice Collect urme hourl> 
for five hours, in separate containers The patient may drink water, but 
should not take any food Test each speamen for sugar by the Benedict 
qualitative method (p 97) The samples of urine contamtng sugar are 
mued and the total amount of sugar wtuch has been excreted is determined 
by the Benedict quantitative method (p 101) An excretion of more than 
3 Gnu of reducing substance may indicate mtrahepaUc jaundice although 
less than 6 Gm may not be significant 
J Hippunc Acid Test — Ilippuric acid, which results from the synthesis 
by the liver of benzoic acid and ammo-acetic acid, is excreted m the urme 
normally at a nearly constant rate Quick* has developed a simple test, 
which has proved useful m differential diagnosis After the administration 
of sodium benzoate the normal excretion m urine of benzoic aad in the 
form of hippuric acid should be about 3 Gm m four hours A low output 
occurs in cases of catarrhal jaundice and various forms of hepatitis and 
usually m cases of malignant process with metastasis to the hver, and in 
cirrhosis In cases in which cholecystius cholelithiasis, and biliary obstruc 
tion are due to stones in the common bite duct, the reaction to the testis 
normal 

The details of the lest ate as follows The patient should eat a light 
breakfast of toast and coffee One hour later admmister 6 Gm tf sodium 
htnzoale dissolved m 30 cc of water, flavored with oil of peppenamt, 
followed by one half glass of water Immediately after taking the drug 
the patient should void Complete specunens of urine should be collected 
hourly for four hours Measure each specuneo and transfer it to a beaker 
If any specimen exceeds 100 cc wi amount, acidify with a few drops of 
acetic aad, and concentrate in a water bath to about 50 c c Acidifv each 
of the four specimens of urine with 1 c c of concentrated hydrochloric acid 

1 Bauer KichartI Uetier die Assimilation von Galaktnse uud }>lilciirucker bci 
Cesunden und Kranben Wien med U<bnsclir,Jd 20-23 1506 

•Shay Harry Schloss E 31 and Bell M A The Metobol sm of Galactose CM 
sideraUons Underlying Use oi GaUclosc B> Tesla oJ ruoction ot Liver Arch. lot. Men 
47 391-402 (Mar), 1531 

•Shay, Harry Schloss, E. 31, and Rodis Isadore U The Galactose Tolerance 
Test m the DiflerenUal Diagnosis of Jaand ce Aidi Int Med , 47 6o0-6o5 (Apr ) IPU 
•Banks, B 31 Sprague P II., and Snell A. 31 Clinical Value r f the Calacto^ 
Tolerance TtsE Jour Am Med Assn , /OO 19S7-I99S (Jane 24) 1933 

‘Quick A J O meal Value of the Test for Hippunc Ac d in Gases of Disease 01 
theljver Arch Int Med, 57 544-556 (Mar ) IW6 
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Test with Congo red paper If this does not turn blue add more acid Stir 
\ngorouslj until the precipitation of hippunc acid is complete Allow the 
preapitate to stand for one hour at room temperature and then filler off 
the crj-stalline hippunc acid on a small filter plate, or Buchner funnel 
Wash with a small quantity of ctJd water and dry the precipitate m the 
air W eigh to the second deamal place each dry 'ample of hippunc acid 
If a balance is not a\ailable, dissolve the preapitate in hot rater and titrate 
with 02 N solution of sodium hydroiide, using phenolphthalein as an 
indicator One c c. of 0 2 N 'olution of sodium hjdroxide equals 0 O3o8 Gm 
of hippunc aad In each 100 c c of aadified unne 0 33 Gm of hippunc aad 
will remain m solution at room temperature. Therefore, this figure must be 
added to the amount of hippunc acid determined by weight or titration in 
each speamen Thus, for example if the hourij specimen amounts to 70 c c 
and the amount of hippunc aad obtained by weight is 1 1 Gm , the total will 

be 1 I -f ^0 33 X = 1 33 Gm hippunc acid Multiply by 0 6S to ex 

press the result in benzoic aad Therefore, 1 33 Gm X 0 fiS « 0 91 Gm of 
benzoic acid Add the amount excreted in each of the four speamens 
together The normal ai erage amount excreted m four hours is 3 Gm of 
benzoic aad with a %*anation owing to the size of the indivnlual of from 85 
to 110 per cent of this amount An excretion of a less amount is mdicativc 
of unpairroent of hepatic function 

v^be Quick * prothrombin test fse e p 201) may be used as a liver function 
test Some jaunmeed patients nave a prolonged prothrombin time la their 
plasma when tested by this method If, after the admimstration of 
vitamin K m some form to such patients the prothrombin time is 
not markedly shortened, it maj be taken as evidence of serious hepatic 
damage 

Greene, Hotz and Leahy* hax e shown that patients mth evident hepatic 
damage have decrraxul eombuied cfotestcr(4m Ibcir blood (see p 381) At 
times, there ma> bca decrease in the totaT cholesterol In uncomplicated 
obslnicbve jaundice the cholesterol enters n«e along iMth the total choles- 
terol In hepatic disease, the cholesterol esters tend to disappear from the 
blood regardless of the behaMor of the total cholesterol If there is a pro- 
gressive decrease in the cholesterol esters, the prognosis is poor while, if 
the esters are increasmg in amount, the pit^osis is more favorable 

The study of the size of the erylhrocjtes is of importance m liver disease 
This has been pointed out b> manv authors In damage to the parenchyma 
of the liver, there may be a tnaerccxlosu of 8 8 microns or more for the aver 
age erj throcyte diameter 

‘ Quick, \ J The Oinical Appl cation of the Hippunc Aad and the Prothtoaib n 
Tests. Amer Jour Clm. rath. 10 222-233 (\tar) 1940 

* Greene C. IL, Botz. Richard andleahy Evelyn Qiiucat Value of Detcnmnation 
of Cholesterol Esters of Blood in Hepatic Disease Arch. lot. hied 65 1130-1143 (June) 
1940 
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Pancreatic Enzymes Jn Daodenal Contents — The technic oi the -with 
drawal of duodenal contents js described on page 464 Several methods 
for estimating the presence and amount of tlie various pancreatic enzymes 
have been devised Simple and comparatively accurate methods are those 
of McClure, Wetmore, and Reynolds ‘ Their methods are for trypsin 
amylase, and Ipase The first two methods will be described It is rarely 
necessary to demonstrate lipase tf the other enzymes are present 

Estimation of Trypsin — Reagents Required — (a) Phosphate mixture 
Add 20 cc of a solution of potassium acid phosphate, which contams 
27 234 Gm to a liter, to 980 c c of a solution of disodium phosphate, whidi 
contams 35 628 Gm to a liter This buffer solution has a of 8 4 

(2)) Casern solution Place exactly 1 Gm of soluble casern m a dry 
fiask, add 100 c c of solution (a), and dissolve the casern by quickly rotatmg 
the Cask Heating the solution to 57° C will facilitate solution, and care 
must be exercised to prevent the formation of a doughy, relatively insoluble 
mass When the casein is dissolved, neulralixe the casern by adding 4 c c 
of decinormal solution of sodium hydroxide 

(c) Metaphosphonc acid solution This is used as a protein precipitant. 

Fuse metaphosphonc aad, as obtained on the market, in a graphite mortar 
until the white fumes of phosphorus peotoxide appear Cool lo a clean pie 
pan floating on cold water Reep the fused metaphosphonc acid in a tightly 
stoppered bottle Make a fresh 25 per cent solution by titrating the desired 
amounts of metaphosphonc aad and water ui a mortar \ 

(d) The digestion muxtures Folm and Wu reagent (ff, p 363) for deter 
minatioD of nonprotein nitrogen 

(<) Nessler’s solution (5, p 364) 

(f) Standard ammonium sulfate solution (c, p 364) 

Ifethod — This consists ol digesting the casein solution with diluted 
duodenal contents, precipitating the protein, and determining the non 
protein nitrogen content according lo the me^od of Fohn and Wu nhich 
IS described on page 364 ~ - 

1 Centnfugalize the duodenal contents until dear Decant mto a dean 
tube Place 1 c c of the clear fluid in a 5(kc c volumetric flask and make 
up to the mark with phosphate solution («) 

2 Place 9 c c of casern solution (6) in a 100 x 10 mm test tube Heat 
m the water bath at 40“ C for five minutes 

3 Add I c c of diluted duodenal contents (1), mix, and incubate m a 
Tjater bath for thirty mmuteaat W C 

4 Add 2 c c of freshly prepared solution of metaphosphonc acid (c) 
Ma thoroughly and filter A colorless, clear filtrate should be obtamed 

5 Place 1 cc of Citrate and 1 cc of digestion muxture (d) m a pyiex 
glass tube and carry out the digestion, as described on page 364 

* HfcClurc, C W , Wetmore A S and Reynolds, Lawrence New Methods for 
£stimaUog Enzymatic Activities of Duodenal Coateats of Norma] Man Arch. lot Med, 
^7 706-71S Uune) 1921 
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6 After cooling, make up to 35 c c mark, add 15 c-c of Nessler’s 
solution, and centnfugalize to get nd of the sediment. 

7 Place 2 cc of the digestion mixture m a 100 cc. \olumetnc flask, 
add 3 cc of standard ammonium sulfate soluUon^(/), about 60 cc of 
water, and 30 c c of Nessler’s solution Make up to the 10O*c c mark 

8 Place standard m a colorimeter cup, set at 20, and read the unknown 
against the standard 

Calcuialion 

- — , Gm of nitrogen liberated per 100 c c of ongina) 

Readmg of Unknown ^ duodennl ooitents 

The normal range of mtrogen will amount to 7 5 to IS Gm per 100 c c 
of duodenal contents 

The .Xgren and LageribP Method — The determination of trypsm is an 
alternate method 

Rtagenls — (a) Buffer solution Equal parts of normal solution of 
ammomum chlonde and normal solution of ammomum hydroxide 

(6) Casern Dissolve 20 Gm of casein in 300 c c of tenth normal solution 
of so^um hydroxide and dilute to 500 c c with distilled w'ater 

(0 Indicator solution A 2 per cent solution of thymoipbthalem m 90 
per cent alcohol 

(d) Potassium hydroxide solution Dilute one part of normal solution of 
potassium hydroxide up to ten parts with absolute alcohol 

Method -“X. Place 2 cc of duodenal contents m an ordinary test tube 
Add 2 c c of distilled water and 2 c c. of buffer solution (a) 

2 Add 0 6 c c of solution of casern (6) and simultaneously start a stop 
watch Thoroughly mix the casern solution with the duodenal juice and 
immediately thereafter transfer 6 cc of the mixture into an Erlenroeyer 
flask containing 38 c c of 95 per cent alcohol and 3 c c of distilled water 
This is the control Heat the test mixture and the control for twenty mmutes 
m a water bath at 30® C 

3 In exactly twenty mmutes, discontmue the digesbon by transferrmg 
the remainder of the mixture to another flask with alcohol of the same 
concentration and quantity as mentioned previously Add 1 c c of mdicator 
sfiJutinr eaab jlasi 

4 Titrate wnth tenth normal alcoholic solution of potassium hydroxide 
to the first shade of blue m both flasks, at which pomt add 70 c.c of 95 per 
cent boiling alcohol The color then disappears Continue the titration to 
the first blue color m both flasks 

Cfl/culatiort — The difference between the titration values guxs the 
trypsin activity per cubic centimeter of duodenal juice expressed m cubic 
centimeters of the tenth normal «)lution of potassium hydroxide The 
trypsm concentration is arbitrarily expressed as one trypsm unit, which is 
equal to 2 c c of tenth normal solution of potassium hydroxide The norma! 

'Agren, Gtmiiir asd Lagrrl&f, IJenrik The Pancreatic Secrebon io Mu after 
Intravenous Adnumairabon of SecTcUo. Acta Mrd Scandinav 1*01-29 1936. 
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range js from 0 6 to 3 2 units, tilth an average of about I 6 units per c c 
Less than 0 6 units per c c may be considered significance of the lack 
of trjTJsm secretory function of the pancreas 
v/ ^jaylase D«tetTmnati 9 n — ^Thjs method detertfunes the amount o! sugar 
^ihat'iTTonned from starch which has been digested for a definite period 
of time 

Reagents Required — (a) Phosidiate miature which has been desaibed 
for trypsin method 

(6) Starch phosphate mixture Completely dissolve 4 Gm soluble 
starch m 100 cc of hot distilled water C<wl and dilute with an equal 
volume of phosphate mixture («) 

The other reagents i\ hich arc required are those which are used for Folm 
and Wu s blood sugar method, and which are described on page 391 

lltthod^—l Place 1 cc. ci cenlnfugalired duodenal contents m a 25 
c c \olumctnc flask Make up to the mark with phosphate mixture (a) 

2 Place 9 c c of starch phosphate nurture (b) m a test tube Heat in 
a water bath at 40® C for five minutes 

3 Add 1 1 c ol diluted duodenal contents, mxt, and mcuhatt ior thwty 
minutes at 4Cf’ C 

4 Place 2 c c of the copper solution of Fohn and Wu (6, p 391) m a 
special blood sugar tube 

5 Add 2 cc of the digested starch solution, rotate the contents and 
place the tube in boiling water for six mmutes 

6. Cool, and add 2 c c of molybdate solution (c, p 391) Make up to 
the mark, mix, and compare the color with the Folm and Wu No I glucose 
standard that has been prepared m the usual wa> 

Cclculalwt 


SO 


„ . « Gm of dextrose liberated per 100 c c of original 

RMdingofUnkno™ duodem! wnttnts 

The normal amount of dextrose liberated b} this method in thirty mm 
utes IS 2 5 to 5 Gm per 100 c c 

Xgren and LsgerloP Method for Amylase Determination — Reagents — 
(o) 1 5 per cent solution of sodium dilondc 

(6) 1 per cent solution of starch Stir 5 Gm of Lahlbaum stardi into 
a Lttle cold distilled water Add 200 c c of boiling distilled water to dissolve 
the starch Add 250 cc of phosphate buffer of pll 6 8 (equal parts of SffTcn 

sen buffer solution, p 836) Transfer loo SOOcc volumetric flask and make 


up to volume with distilled water 

(c) Tenth normal solulioti of sodium hvdroxtde 

(d) Alkaline ferricjnnide solution Dissolve 8 3 Gm of potassium 
fcrncjanide and 10 6 Gm of sodium carbonate, water free, in 500 c c of 
distilled water 

(e) SO per cent acetic acid 

I Xgien Gunnar ami LagtriCf, Iltnnk The PancrtSlie Setrelion ia Men *tte* 
Tatnvenous Adminislraiion cf ^ecxetln Acta lied Scaiidii»«v CO 1-29 19J6. 
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(f) Iodide solution Dissolve 25 Gm of potassium iodide, 250 Gm of 
sodium chlonde and 50 Gm of zinc sulfate m one liter of distilled irater 

(g) Tvventieth normal solution of sodium thiosulfate 

Method — 1 Dilute 1 c c of duodenal contents with 100 c c of 1 5 per 
cent solution of sodium chloride (a) (Further dilutions of I 400 or 1 SOO 
or even more may be necessary ) 

2 Place 2 c c of diluted contents m a test tube and heat for eight rmn 
utes in a water bath at 37“ C 

3 Warm the starch solution (ft) at 37“ C and, m exactly eight minutes, 
add 2 c c to the diluted duodoial contents, thus making the salt concentra 
tion 0 75 per cent, and continue the digestion for exactly fifteen minutes 
longer 

4 Transfer 2 c c of the enzyme starch solution to a test tube containing 
1 cc of tenth normal solution of sodium hydroxide (c) This stops the 
digestion 

5 Set up a control test m a similar test tube contaming 1 c c of tenth 
normal solution of sodium hydroxide (c), 1 cc of diluted duodenal juice 
and 1 c c of warm starch solution (ft) 

6 Add to both the control and the digested mixture, 2 c c of twentieth 
normal alkaline femcy-anide solution (<0 and 12 c c of distilled water Heat 
ui a boiling water bath for twenty minutes 

7 Cool the tube m a water bath of room temperature and add 2 cc 
of 50 per cent acetic acid (e) and 10 cc of iodide reagent (/) 

8 Three mmutes later, Uttale the liberated lodme with twentieth 
normal solution of sodium hydroxide (|) until the color disappears 

Caladation — The difference m cubic centimeters between the titrations 
of the control and the unknown with the sodium thiosulfate solution = 
the number of cubic centimeters of femcyanide solution reduced by the 
maltose that has been formed by the action of the enzymie on the starch 
One gram of maltose is reduced by 0 465 c c of alkaJme femcyanide solution , 
therefore, difference in titration X 0 465 = milligram per cubic centimeter 
of duodenal contents In ten minutes the duodenal contents will normally 
contain enough amylase to form from 0 34 to 1 72 Gm of maltose per cubic 
centimeter according to the studies of Comfort and Osterberg ‘ 

x>^Serum Lipase and Ser um Amttlase 

Cherry and Crandall’ showed the specificity of pancreatic- lipase; and 
demonstrated espenmenlally its appearance in the blood after pancreatic 
injury Thesubstrate used in the test isan emulsion of olive oil Thedcgree 
of enzyme action is indicated by the amount of fatty acid hberated, and is 

* Comfort, MW, and Osl»rb«y, A E PancreaUc Secret on m Man alter Stimu 
boon mth Semtin and Acetylbeta iJetbykliol ne Chloride, a Comparative Study Arch. 
Intilcd dtf-6SS-706(Sept) 19-tO 

* Cherry, I and Crandall L. A , Jr The *=pecifiaiy of rancreatic Lipase Its 
Appearance in the Blood after Tancreattc Injury, Am Jour I hysiol, 100 266-273 (Apr ) 
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reported m cubic centimeters of twentieth normal solution of sodium 
hydroxide Comfort and Oaterberg' reported on the use of this method 
sUghtly modified, as a clinwal laboratory test Comfort* found that the 
normal range is from 0 2 to 1 5 c c of twentieth normal solution of sodium 
hydroxide for each cubic centimeter of serum A sharp rise, even up to 9 
or 10 c c of twentieth normal solution of sodium hydroxide for each cubic 
centimeter may occur early m ca«es of acute pancreatitis There may be also 
an elevation of serum lipase in cases of malignant lesions espeaaUy if the 
lesions ate associated mth painless jaundice 

Determination of Serum Lipase — Reagents — (a) Emulsion of olii’e oil 
This should be purchased from a commeraal laboratory • It is prepared 
in a homogeniaer from equal parts of pure olive oil, free from fatty aad, 
and a 5 per cent solution of acacia, with 0 2 per cent of sodium benzoate 
added as a preservatixe 

(J) Phosphate buffer solution, pH 7 Prepare Sjfrensen phosphate 
buffer (p 816) solution from a fifteenth molar solution of primary potassium 
phosphate, and fifteenth molar, secondary sodium phosphate solution, 
adjusted to pH 7 

(e) Twentieth normal solution of sodium hydroxide 

((0 A 1 per cent solution of pbenolpbthalein in alcohol 

(«) Ethyl alcohol (95 pec cent) 

i/e/Aed—l Place 1 c.c of serum in a test tube Add 2 cc of oliie oi] 
emulsion (e), 3 c c of distilled water and OJee of buffer solution Shake 
the mature and incubate at 38“ C for twenty four hours 

2 Prepare a * blank Place 1 c c of serum in a test tube Add 3 c c. 
of distilled water Heatlo70“C forabouifivenunuiostodesiioylheenzymc 
Add the buffer (6) and suhstcate (a) Shake the mature and incubate at 38® 
C for twenty four hours 

3 After twenty four hours,add3cc of alcohol (e) to each tube Ulrate 
toapemianentpinkcolor of themdicatorfd) with twentieth normal solution 
of sodium hydroxide (c) 

Calculation — Subtract the number of cubic centimeters of sodium 
hydroxide used to neutralize the blank’ (tube 2), from the number of 
cubic centimeters used to neutralize the acidity m tube 1, and record the 
difference as cubic centimeters of twTntieth normalsolution of sodium 
hydroxide for each cubic centimeter of serum 

JQ eteimination of SeniiD ^BUlase p — (Somogyi^ Reagents — (a) Starch 
substra^ (starch ^irig andsodiuin chlonde 250 mg per 100 cc) 

lb) Iodine solution (0 002 normal) Dilute 10 cc of tenthnormal 

* Comfort, Jt W and Osterberg; A E L pasc and Estenise Jn Blood Senim Thar 
D agnosUc Value m Pancreatic Disease, Jwir Lal> and CLn Me<l 20 271-278 (Dee ) 
1934 

* Comfort M U Serum Lipase Its D agnostic Value, Am. Jour Dgest. Dis 
and^ulntlon J817-S2J (Jan ), 1937 

* Abbott Laboralonea, Cbcago Bliiwis, have prepared this emulson 

*Somogyj ILchael llicrometbods for the EstlmaUon of Diastase. Jour BioL 
Chem. J2S 399-414 (SepL), 1938. 
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aqueous solution of lodme to 50 cc tnth 2 per cent solution of potassium 
iodide 

llelhod — 1 Place 4 c c of starch substrate (a) in a large test tube (14 
to 16 mm m diameter) and u*arm the solution in a v.'ater bath mamtalned 
at a constant temperature of 40* C Add 1 cc. of scrum (or plasma) and 
simultaneously start a stop wTilch Mix the plasma and starch solution and 
nnse out the pipet once rrith the mixture 

2 Measure 0.5 c c portions of lodme solution (5) into sexeral test tubes 
about 2 mm m diameter 

3 After mcubation for Sn-c minutes, place 0 S c c of the digestion mix 
ture m one of the tubes containing iodine solution If digestion has begun, 
the blue color produced by the reaction of iodine with starch will be changing 
to purple If this has occurred, similar 0 5 c c samples must be tested at 
intervals of one or two minutes The exact tme Jor delemtnaUon of the end 
point is the vislant that the purplish color disappears and the color has changed 
to the color of crythodexirtn Stop the watch at this lime If there is no color 
change m fix-e imnutes, it may be necessary to continue the mcubalioa much 
longer, possibly thirty minutes It may be nccessarj to dilute the starch 
substrate to contain only 1 5 mg of starch instead of 3 mg , if the cnxyme 
action « very slow If the eaajme is very active, it may be necessary to 
dilute the scrum 

CaUxiUiton — ^The Gnal estimation is in terms of copper reduemg sub- 
stance in miUigrams for each 100 c c of serum (or plasma) produced by the 
enzyme action on the starch The formula is I> (diastase activity) 

K X ' ^1 By experimentation it hw been found that K. e= J600 t «= 

time of incubation, V “ volume of plasma or scrum used and 1 — con 
ccntration of starch (3 mg ) 

For example, if t *= 12, then D = = 133 = milligrams per 100 c c 

of reducing substance produced by the enzjTne 

Q DBTERMinATion or Cevitamic Acid in Blood' 

The method used for the determination of cevitamic acid m the blood 
is essentially that of Taj lor, Chase and Faulkner,* utilizing the suggestion 
of Pijoan and Klemperer* that potassium cjanide will preserve blood 
against the loss of cevitamic aad by oxidation If cevitamic acid, however, 
is determined in the blood immediately after the drawing of samples of 

* Magnusson Ailene and Ostetberg A E Proc. Staff Meet Mayo Qituc I 700- 
702 (\ov 2) 1938 

’ Taylor F II L., Chase Eorrance, and FaulkBer J M The Estimation of Reduced 
Ascorbe Aad m Bloed Serum and Pbsma, Bochem Jour 30 1119-1125 (July) 1936 

• Pijoan M, and Klemperer F DetanuuaUoa of Blood Ascorb c And Jour Cl n 
InvesUgaton /d 443-445 (May) 1937 
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blood, use of potassium cjanide can be eliminated Magnusson and Oster 
berg did not find that potassium cj*amdc elevated the apparent concen 
tration of cevitamic aad, as Farmer and Abt* have recently reported 

The reagents required are (a) glacialaceticaad, (i>) 10 per cent solution 
of metapbosphonc acid, (c) 5 per cent solution of potassium cvanide, (d) a 
starch mdicator, (c) a solution of iodine, a hundredth normal solution of 
iodine made according to directions gi>en by Treadwell and Hall' is used, 
(/) a standard solution of 1 mg of cevitamic aad per milliliter, further 
irecUons will be gi\cn later, and (g) 2 6-dichlorphenol indophenol (La 
Alotte), a solution contammg 0 2 mg per milliliter 

The standard solution is prepared by dissolving 100 mg of pure cevi 
lamic aad in 100 ml ol boiled, distilled water Since the reduced cevilarmc 
acid IS rapidly oxidized in solution, the strength of the solution should be 
checked daily by determining its reducing power with the hundredth normal 
solution of locUne as follows to 1 m) of the standard in a centrifuge tube, 
1 drop of 0 5 per cent solution of starch is added and titrated to a permanent 
blue color in a microburet with a hundredth normal solution of iodine Tbe 
standard solution of cevitamic acid should be preserved in a brown glass 
stoppered bottle and stored m the icebox 

Tillman's reagent is prepared as follows 20 mg of 2*6<iichlorophenol 
indophenol indicator is dissolved m 75 mJ of boiling water, cooled trans- 
ferred to a 100 ml volumetric flask, and diluted with distilled water to 
make 100 ml This reagent should be replaced within two weeks in order 
to maintain a sharp end pouit, and should be stored in a dark bottle in the 
icebox This reagent 1 $ checked agauist the standard solution of cevitamic 
acid every other day in the following manner to 0 2 ml of the standard 
solution of cevitamic acid in a cenlnfuge tube is added a drop of glacial 
acetic acid and this is titrated mlh the dye to a definite pink color The 
standard is measured m a micropipet and the dye is added from a 5 mL 
microburel (Fig 19o) 

The solution of meiaphospbonc acid is made up fresh each week and is 
kept m the icebox 

Procedure — 1 Two drops of 5 per cent solution of potassium cyamde 
and 10 mg of potassium oxalate are placed in a test tube Blood is co! 
lected from the patient s vein when the patient is m a fasting state, about 
6 to 7 mk IS placed m the lube and centrifuged 

2 Two mi of plasma is tiansferred to a centrifuge tube To this is 
added 2 ml of distilled water and 6 ml of the 10 per cent solution of meta 
ijbiwjjhncin arj/l The. wsUita. w, stJiKcd. ci!}«dl.v ^ih. vhL fnc thirty 
seconds and allowed to stand for three nimutes It is then filtered through 
Whatman No 40 filter paper 

3 Five ml of the filtrate is placed in a 15 ml cenlnfuge tube and 

i rarmer C. J and Abt A F lovalidatlon of Ptiscna Ascorbic Aod Values by 
l,se of Potasaum Cyanide Proc Soc Fxper Dol and lied., 3S 3W-4l>i (Apr) t53S 

‘Treadwell F P., and Hall W T Analytical Chemislry QuanUUUve Analysis, 
Ed S ew York John Jey and Sobs, Jb&, 1919, \ oL 2, 940 pp 
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titrated with TiHman’s reagent The titration is carried out rapidly to a 
standard end point For this end point, employ the color produced by 
a definite amount of Tillman’s reagent added to 5 ml of boiled distilled 
water containing 1 drop of glacial acetic acid in a t^t tube similar to that 
used for the blood filtrate The filtrate is titrated to a color matching the 
standard which will persist thirt> seconds The titration for the blank is 
deducted from the titration of the filtrate A S ml microburet is used for 
this titration 
Calaifalion 


0 88 X (ml Ji* <» 1 ml standard^ 
5 X (ml d>c « 02 ml standard) 


X 100 X ml d>'e used for 


titration = milhgrams of cevitanuc aad per 100 ml of plasma 

One m! of a hundredth normal solution of lodme represents 0 8S mg 
of cevitamic aad The x'alucs (ml Ij equivalent to 1 ml standard and ml 
d>*e equivalent to 0 2 ml standard) arc determined as described above 
Example 


0 88 X ] 58 

i ^ ft nc — X 100 X 0 00 «s 0 81 mg of cevitamic aad per 100 ml of 
plasma 

Two tenths ml of standard is equivalent to 2 06 ml of d>T Dye solution 
contains 20 mg per 100 ml One ml of the standard is equivalent to 1 58 
ml It, I ml of plasma was used for the lest and 0 06 ml of d>e was used 
for the titration 

We consider from 0 9 to 1 5 rog per 100 inj of plasma the normal value 
for cevitamic acid in blood plasma 


R, DETERMItlATIOir OP CEVITAMIC ACID IT TJRIHE 

The method used for the determination of cevitamic acid in urine is the 
technic recommended by Hams and Raj * This is a titration method, the 
pnnaplc of which is to take a measured amount of recently standardired 
dje (2 fi^ichlorophcnol indophenol) and to determine the amount of unne 
which has to be added to discharge its color, the titration being earned out 
rapidly and in a «olution made aad by the addition of 5 per cent by volume 
of glacial acetic aad 

The reagents required are (a) glaaaJ acetic aad, and (b) Taiman’s 
reagent Fiftj mg of 2 6-dichlorophenol mdophenol is dissolved in boiling 
water, cooled, transferred to a 50 ml volumetnc flask and diluted with 
distilled water to fill the flask This solution is standardized against the 
standard solution of cevitamic aad described in the method for cevitamic 
acid m blood plasma as follows to 1 m! of standard m a centrifuge tube 

■ Solution of iodine The sign o m chenustij means “equivalent to quantibes of 
one substance which will react with a ^ven quantity of another substance so as to leave 
no excess of either 

*Harns,L J.andRay.S N DiagnoasofX^taimn CSubnutntionbyUnneAnalysis 
with a Note on the Antiscorbutic Value of Human MUk, Lancet, 1 71-77 (Jan. 12) 1915 
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add 1 diop of gkc\al acetvc acid and titrate with the dye from a 5 ml micro 
buret to a definite pink color 

Procedure ~i A tn-enty four hour specimen of unne is collected in a 
dark bottle containing enough glacial acetic acid to make a 5 per cent 
-solution by volume 

2 The unne is placed m a microburet, if clear, if not, it is first filtered 
The titration is earned out in a centnfuge tube The dye is measured 
accurately Tnth a 0 2 ml micropipet The amount of dye vanes according 
to the concentration of cevitamic acid to the specimen under examination, 
that IS It should be such an amount as to need 1 to 2 ml of unne for titra 
lion For norma! adults 0 05 ml of dye is found to be a suitable amount 
If the concentration is low, leso dye is used and if the concentration is 
unusually high so that less than 0 5 ml of unne is required to discharge the 
color of the dye, the unne is diluted with a knorni amount of water In 
carrying out the titration the end point is best found by matching with a 
control tube containing unne but no dye 
Caiculolion 

0 88 X (ml Ii o to 1 ml standard) X volume 

(ml dye«^tolml standard) X 20 X (ml unne used totitratcOOa ml dye) 
c* miUigcaRLS of cevitamic acid in Uie speamen 

The titration value must be corrected for the amount of glacial acetic 
aad which it contains 

The values (ml Ij equivalent to 1 m! standard and ml dye equivalent 
to 1 ml standard) are determined by titration as described abo\’e 
Example 


088 X 1J8 X 1050 
2 06 X 20 X 1 5 


23 6 mg of cevitamic aad in specimen of urine 


One ml of a hundredth normal solution of lodme represents 0^ mg 
of cevitamic acid 1 ml of the standard is equivalent to 1 58 ml of the 
solution of iodine, 1 ml of the standard is equiralent to 2 06 ml of dye 
The solution of dye contains 50 mg per 50 ml 

The volume of unne (containing acetic aad) of the twenty four bout 
specimen =* 1050 ml 

One and five tenths ml of unne (5 per cent of which is acetic aad) is 
used to discharge the color in 0 05 ml of dy^ 

The normal daily output of cevitamic aad in the unne of adults is 
from 10 to 50 mg 

^ Smirwxmtnrs 

As a result of the widespread use of sulfanilamide and other sulfonamides 
m the treatment of streptococac gonococcic, pneumococac and other 
infections, it has become apparoot that the determination of the concen 
tration of this drug in blood and in unne is a very important clinical labor 
atory procedure Concentration between 1 to 10 000 and 1 to 5 000 can be 
mamtained m the blood by administering the drug several times a day by 
mouth IVhen an equihbnum is est^hshed between intake and output. 
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nearly 100 per cent of the drug may be recovered from the urine either in a 
free or combined state In cases of impaired renal function these drugs may 
be excreted slowly and caution ^oufd be observed m such cases 

The methods for the determmation of these drugs m blood and urme 
are those dereloped by Bratton and Marshall' and are given as folloivs 

Reagents —(a) Dissolve IS Gm tnchloro acetic acid in distilled water 
and dilute to 100 c c 

(6) One tenth per cent solution of sodium nitnte 

(c) Dissoh^ 100 mg K (1 naphthyl) ethylenediamme hydrochloride m 
distilled water and make up to 100 c c Keep this solution m a dark bottle 

(d) Sapoam solution Dissolve 05 Cm of saponin m 1 liter of water 

(e) Fourth normal hydrochloric acid 

(j) Dissolve 0 5 Gm amm o ni um sulfamate m 100 c c distilled water 

(f) Standard solutions (1) Stock standard solution Dissolve 20 mg 
of sulfanilamide or other sulfonamide drug m 100 c c of water This solution 
keeps several months m the refrigerator 

(2) Dilute standard Dilute 2 c c of stock standard (1) with 18 c c of 
15 per cent tnchloro-acetic acid ( 0 ) and make up to 100 c c with distilled 
water m a volumetric flask for a standard containing 0 4 mg per 100 c c 

For the sodium salts of other sulfonamides, the standards are made up 
as follows Sodium suifadiazme Dissolve 21 76 mg of sodium sulfadiazme 
m 100 c c of water m a volumetric flask Sodium sulfathiazole Dissolve 
21 72 mg sodium sulfathiazole in 100 cc of water m a volumetric flask 
If the sesquihydrate has been used as a drug the standard may be made by 
dissolvmg 23 4 mg in 100 cc of water Sodium sulfapyridme Dissolve 
23 21 mg of sodium sulfapyridme m 100 c c of water 

Mffhod for Blood — (Preparation of flltrate) Place 1 cc of whole 
oxalated blood in a small Erlenmeycr flask Add 15 c c of saponm solution 
{d) Shake the mixture well while adding Allow the mixture to stand for 
three mmutes to complete the lake Then add 4 c c tnchloro-acetic aad 
(a), slowly with much shaking Allow the mixture to stand for ten mmutes 
and filter This filtrate may be used for delermuung either the free sulfo- 
namide or the combmed sulfonamide 

Free Sulfonamde — (Sulfamlanude, sulfapjTidine sulfathiazole, sulfa 
diazine) 1 Pipet 10 cc. of the filtrate mto a small Erlenmeyer flask 

2 Pipet 10 c c of the standard solution (g 2) into a similar flask, select 
me the standard that is required for the drug that has been adimmstered 

3 Add to each flask I c c of freshly prepared solution of sodium mtnle 
(i), mix well and allow to stand for four minutes 

4 Add i c c. of ammonium sulfamate solution (/) to each flask, mu 
thoroughly and allow to stand for three minutes 

5 Add 1 C.C of coupUng reagent (c), mu well and allow to stand for 
two mmutes 

6 Compare in the colonmeter with the standard set at 20 mm 

Total Suljonamtde — isadvisable to start with 2 c c. of oxalated blood, 

‘Bratton, A- C, and Marshall C. K,, Jr A Isew Coupling Component for Sul 
tanilanude Detenmnabon Tour BioL Chera IZS S37-S50 tMavl 1939 
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30 cc of saponin and 8 C.C of the Inddoro-aceUc acid and make the filtrate 
as desaibed 

1 Place 10 c c. of the filtrate m a hard glass test tube which is marked 
for a Nolume of 10 c c 

2 Add 0 5 c c of fourth normal hj drochlaric acid (c) , mix well, and heat 
m a boding water bath for one hour 

3 Cool and make the volume up to 10 c c Add the reagents to the test 
tube as indicated under the test for free sulfonamide, but do not transfer 
to an Erlenmej'cr flask The readmg obtained with this solution gives the 
total sulfonamide To obtain the conjugated sulfonamide, subtract the 
amount of free sulfonamide from the total 

Succt)t)l Siiljaihiasole —11 this drug has been administered, the deter 
nunation of the amount of the drug in the blood must be made as foUoivs 
Use 10 cc. of the filtrate and add 05 c.c of fourth normal hydrochloric 
acid (e) Tbs mixture and the standard must be heated for one hour m a 
boiling hot water bath After boiling, cool the mixture and make up to the 
10 c c mark and proceed as with other sulfonamide detennmations 

Suhones — (Promm) The older Marshall' modified method for deter 
mining sulfanilamide is used for dclermming promm or other sulfones ui 
blood and urine In determinations for this drug, any possibility that 
sulfamlamide may be present must be excluded 

J^eagentr —(c) Saponia soluuon Dissolve 0 5 Gm of saponin m 1 liter 
of water 

(jb) Toluene>sulforuc acid Dissolve 20 Gm p toluene sulfonic acid in 
distilled water and dilute to fOO cc If the solution is colored, mix with 
charcoal and filter 

(e) Sodium nitrite solution, 0 1 per cent Dissolve 0 1 Gm of sodium 
mtnte ui 100 cc of distilled water Make a fresh solution each day that 
the test is to be performed 

(d) I molar sodium dihydrogen phosphate solution * Dissolve 0 5 Cm 
of ammonium suUamate and 13 8 Gm of sodium dihydrogen phosphate m 
100 c c of water 

(«) Dimethyl naphtbylamme solution Dissolve Icc ofdunelbyl 
alpha naphlhyhmme in 100 c c. of 90 per cent ethyl alcohol Keep in a dark 
colored ^ttle 

(f) Standard solutions are prepared freshly each day (1) First strength 
(100 mg per 100 c c ) Dilute 0 25 c c of 40 per cent promm solution (sup 
plied m ampules) to 100 c c with distilled water (this standard is used for 
determining ptorma. in. ucine^ 

(2) Second strength Dilute 10 c c. of first strength standard (1) to 100 
c c mth distiUcd w-ater To prepare standards for comparison with deter 

’Xtarsball E K Jr (with the technical assistance of Dorothea Babbitt) Detenmna 
lion of SulfaniJamidc in Blood and Unne Jo«r Biol Chem J22 263~273 (Dec ), 15Jf 
Todd, J C., and Sanford, A IJ Omjcal Diagnosis by Laboratory Methods. Ed 
9, PLiIadtJphia \V B Sanndm Company 1939, pp 412-413 

•Marshdl, E K.,Jr and Lilchfidd JT^Jr The Determination of Sulfanilamide 

Science, SS 8S-S6 (July 22) J938 
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mmations of promm m blood samples, take 2 c c of normal blood, 13 6 c c 
of «aponm solution (a) and 0 4 c c of ‘Second strength standard (2) This 
standard is treated the same as is the unknown sample of blood, so that 
the 10 c c of filtrate that is used uiU contain 0 2 mg of promm (At times, 
it may be desirable to use other quantities of the second str^gth standard 
If this IS done, the amount of saponin solution is varied so uiat the total 
mixture will he Ifi c c and the calculation will, of course, be changed 
according to the strength of promm m the standard ) 

Melhod (for Blood) — 1 Place 14 c c of saponin solution (o) m a small 
flask Transfer exactly 2 cc of o\alated blood to this solution Shake the 
flask and let the mixture stand for two or three minutes until the blood is 
completely laked (If distilled water alone is used mstead of saponm solution, 
lakmg wall require at least one hour ) 

2 Add 4 c c of 20 per cent p toluene sulfonic acid (6) Shake well and 
filter 

3 Transfer exactl) 10 c c of filtrate to a small flask Add 1 c c of solu 
tion of sodium mtnte (c) Shake the flask and let the mixture stand for 
three mmutes 

4 Add 1 c c of 1 molar solution of sodium dihydrogen phosphate (ef) 
Let the mixture stand for two minutes 

3 Add 3 cc of i per cent alcofaohc solution of dimeih}] alpha 
naphth>kmine (e) 

6 After ten mmutes compare in the colorimeter inth the standard, 
which has been treated exactly as the unknown, following steps 3 to 6 Set 
the reading of the standard at 20 mm and compare the unknown with the 
standard 

CaJadalton — ^ITith a standard containing 0 2 mg , the formula befomes 

T; — X = me of promm per 100 c c of blood 

Reading of the Unknown ^ ^ 

Method (for Urine) — Determme the promm m undiluted urme and also 
in urine diluted 1 3 and 1 10 

1 Treat_2.c c .of each sample of diluted and undiluted urme m the 
same manner as in the method for blood 

2 Prepare a standard directly from the first strength standard for undi 
luted urine and from second strength standard for diluted urine Fxpress 
the final results in milligrams of promm per 100 cc of undiluted unae 

Calculalions — With undiluted unoe and the first strength standard, the 
40 

formula is ;; — ; — — = me of promm per tOO c c of urme 

Readme of the Unknown * 

If the urme is diluted 1 10 and a dilute standard containing 0 4 mg is 

used the formula is — x mg of promm per 100 c c 

Reading of tlie Unlnoivn ® ‘ 


of Urine 



CHAPTER V 


'GASTRIC AND DUODENAL CONTENTS 

L EXAMINATION OP THE GASTRIC CONTENTS 

Stouach digestion consists mainly m the action of pepsin upon 
proteins m the presence of hydrochloric acid, and m the curdling of 
milk by lennin The fat-spblting ferment, lipase, of the gastnc juice 
has very little activity excepting upon previously emulsified fats such 
as those of imlL and egg yolk 

Pepsm and renmn are secreted by the gastnc glands as ayraogens 
— pepsinogen and renninogen respectively — which ate converted into 
pepsm and renmn by hydrochlonc aad Hydrochlonc acid is seaeted 
chiefly by the fundus end of the stomach It at once combines loosely 
with the proteins of the food, forming acid metaprotcin, the first step 
m protein digestion Hydrochlonc acid, which is thus loosely 
combined with proteins is called “combined” hydrochlonc aad The 
acid, which is secreted after the proteins present have all been con 
Netted into acid metaprotein, remams as ‘ free ' hydrochlonc aad and, 
together with pepsm, continues the process of digestion 

At the height of ^gestion the stomach contents consist essentially 
of (1^ Water, free hydrochlonc aad, combined hydrochloric 
aad, pepsm, renmn, mmeral s^ts, chiefly aad phosphates 
of no clinical importance, particles of undigested and partly 

digested food, (8) various products of di^stion m solution In patho 
logic conditions there may be present, m addition, vanous microscopic 
structures and certain organic aads, of which lacti c aad is most 
important. ' 

The results of gastric analysis ate uiQuetned by many mtra and 
extragastnc factors, and can be interpreted only in the light of the 
clmical findmgs Excepting m the very tare instances of recovery of 
good sized bits of diseased tissue there ate no patbognomomc signs 

A routine examinstioa is conveniently carried out in the following 
order The first two steps must, of oiurse, be modified when the ‘ fractional 
method” is adopted 

1 Give the patient a test meal upon an empty stomadi, washing the 
stomach previously if necessary 

2 At the height of digestion, usually in one hour, remove the contents 
of the stomach with a stomach tube 
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3 Measure and examine macroscopically 

4 Tilter A suction filter and may be necessary when 

much mucus is present Oiv'lfife other hand, some clinical pathologists prefer 
to titrate the gastric contents vrithout filtering 

5 Dunng filtration, examme microscopically and mahe quahtative 
tests for — (o) free hydrochloric aad (6) lactic acid 


6 When sufficient filtrate is obtamed, mal.e quantitative estunations 
of— .^(j^otal acidity JA^free hydrochloric acid, (p)^ombmed hydrochloric 
aad O^ecessary) 

whateyei;- pdditio aal.tests seem desirable, as for blood, 'pgpsjn, 


A. OBTAINIHO THE CONTENTS 


Gastric juice is secreted continuously, but quantities sufficiently 
large for examination are often not obtainable from the fasting stom 
ach In clinical work, therefore, it is desirable to stimulate secretion 
with food— which is the natural and most efficient stimulus— before 
attempting to collect the gastnc fluid Different foods stimulate 
seaetion to different degrees, hence for the sake of uniform results 
certai n standard **test meals” have been adopted 

1. 'fest Meals —It IS customary to giW the test meal m^e 
morning, since the stomach is most apt to be empty at that time 
If It be suspected that the stomach will not be empty, it should be 
washed out with nater the evening before 

(1) Ewald’s test breakfast consists of a roll (or two slices of 
bread), without butter, and two small cups (300 to 400 c c ) of water, 
or weak tea without cream or sugar It should be well masticated 
The contents of the stomach are to be removed one hour afterward, 
counting from the beginning, not the end of the meal This test 
meal has long been used for routine examinations Its disadvantage is 
that it introduces, with the bread, a vanable amount of lactic aad 
and numerous yeast cells This source of error may be eliminated by 
substituting a shredded whole wheat biscuit for the roll The shredded 
irfreaf test mesl is rrow* mddy ased, sstd ts pnhsbly the sstis 
factory for general purposes A simple, satisfactory meal of the 
Ewald type consists of feeding eight arrowroot cookies and a glass of 
water 

(2) Riegel's test meal consists of 400 c c of bouillon, a broiled 
beefsteak (about 150-200 Gm ), and 150 Gm of mashed potato 
Since It tends to clog the tube, it must be thoroughly masticated 

Although the abo\e meals would seem to yield satisfactory results 
from a phjsiologic standpoint, there has been a great deal of dis- 
cussion by gastro-enterologists as to the actual \alue of the finding 
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with ordinary lest meals The result has been to stu*Hy gastric secre 
tion without a meal using either a small amount of alcohol as a direct 
stimulant, or a small dose ol histamine injeclcii hypodermically The 
effect is striking, but it must be remembered that the secretion that 
follows is. after all, a result of a type of stimulation which is not 
normal as compared with the normal stimulation follomng the inges- 
tion of foodstuffs The technic for the alcohol meal and fpr the 
histamine injection is given below. 

An alcohol meal consists of 50 c.c. of 7 per cent crain''5lcoholy 
inj'ectcd through a small tube Aspirate the fasting stomac h at hve - 
minute intervals for fifteen njinutes before feeding the alcohol, and 
afterw'ard at ten minute intervals for one hour, saving a JO-cc por 
tion for testing, and returning (he remainder to the stomach It is 
also possible to siphon out the stomach contents by holding the 
mouth of the tube lower than the level of the stomach Bloomfield 
and Keefer' and Cheney* have outlined procedures combining phenol- 
phthalein with the alcohol The concenitaljon of the dye can be read 
with a colorimeter as in the test of renal function* Plot a curv'e 
showing the volume and titratablc aadity for each period. 

, Histamine hydrochloride or preferably histamine phosphate is 
administered hypodermically with the patient having fasted for at 
least twelve hours The dose originally advised, namely, 0 1 mg for 
each 10 Kg of body weight, may cause a disagreeable reaction 
Gompettz and Cohen‘ have shown that a total doit of 0 iS mg may 
may be used salisfactonly The dose pven is for histamine itself, the 
actual dose of histamine phospliatc which js administered is 0 19 mg 
per 10 Kg (22 pounds) , this is the equivalent of 0 1 mg of bislanune 
Tlje reaction comes on rapidly, rlushmg of the face, quickening of 

• BloORififld, A L , and C. S Clinical Sludica o( Ga&tnc TuncUon, Jour 

Am Med Assn , SS 707-711 (Mar <J, 1927 

*Cl]eney,C A Simptified Method oi Gastnc Analysis, Am. Jour Med 50^177110- 
115 Can ). 1929 

• RloomfieJd uses the concentration of dye for deleiwlning ihe marimal and nummaJ 
possiWe amowils of juice seeirled jn a tm-nanutc period, and employs the following 

fonaulae ^ X — A “ maaimo! possible amount of Juice secreted in a tea minute 

penod,nndB— X «• minJmalpossibleamounLA numberofcxibiccenhrntters 

of fluid in the stomach at the beginning of the petiod, B •• number of cubic centimeters 
of fluid at thttnd of the petiod, s •• the concentration fpetcentage) of dye at Ui« beginning 
of tbe period, and j « the concentnCion at the end 

• Gomperiz, L. M., and Cohen, W The Eflect of Smaller Doses oi Histamine m 
SUmuJatiag 7Iuman Gastric Secreima, Am Jour, Med Sa , 177 59-64 (Jan ), 1929. 
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the pulse, and, at times, phjsrcal discomfort results Caution must be 
exerased in the choice of patients, and the test is not to be used as a 
routme The aspirated secretions are measured and titrated in the 
usual manner, and the results are best shown graphically by plotting 
curves 

The test meals that have been described are more or less standard, each 
tjpe having some claim for recognition The Ewatd meal has been used 
for fifty ie^irs, is simple, and is ph)’siologic Alcohol is easily administered 
Histamine is a quick, poiverfol stimulant, often proving gastnc aadity to 
be normal when test meals have failed to do so However, many other 
test meals have been used, and a few of these may be mentioned Water 
has been used alone as a gastnc stimulant, being administered through a 
small tube Caffeme, 0 2Gro m 200 cc. of ^ater, may also be used Lovi* 
compared the results which were obtain^ after stimulation with caffeine 
with those which were obtained after the administration of SO Gm of dex 
trosc in 200 cc of water The initial degree of aadity, which is produced, 
15 not so great with sugar as it is with caffeine If histamine is injected 
subsequently, there is a marked mcrease m aadity if a sugar meal has been 
used, while this reaction is not so evident if caffeine has been introduced 
into the stomach before giving an injection of histamine Another meal, of 
the ph>'siologic t)!^, was proposed by Heckman * He used 80 c c of freshl> 
prepared egg albumin with 130 c c of distilled water, to which was added 
4 Gm of Witte’s peptone The mixture was stained with 2 drops of a 2 per 
cent solution of methylene blue, heated to body temperature, and filtered 
through gauze This fluid meal may be administered through the gastric 
tube and 10 c c portions of the gastnc contents may be removed at regular 
intervals for titration by the fractional method 

2. Withdrawal of the Contents. — ^The gastnc fluid is obtamed 
by aspiration through a tube Stomach tubes are of two general types 
"nie older type, which was the only one in general use until recently, 
and is still required in some cases, is a moderately stiff rubber tube 
about 12 mm m diameter It should have an opemng at the tip, and 
one or two jjd fie sode jjesr lie tjp Near lie filiw end js ^eraJly 
mserted a large bulb for use as an aspirator when necessary The 
newer type of stomach tube, of which the Rehfuss model is most 
widely used, is a modification of Emhom s duodenal tube (Fig 202) 
It 15 a very flexible rubber tube about 3 to 4 mm m diameter with a 
perforated, olive shaped, metal tip A large glass aspirating synnge 
accompanies tKe tube 

• L6vi I4szl6 Zucker I’tdbefnihslfide, Wfcn Idin Wdmidir , 4S 460-463 (Apr 
8), 1932 

’Heckman ZurFragederUdastungprobendesMasens LKIagensaftunUrsuchunged 
nwitel* eincr El^eiss Peptonlasung Ztsdu / d ges. «p Sfed , (J7 406-528, 1933 
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The use of the former, the Boas tube vnth bulb, v?ill be first 
described It should be sterilized by boiling before and after using 

It IS important conlidcntlj to assure the patient that introduction 
of the tube cannot possibly harm him, and that, if he can control the 
spasm of his throat, he uUl experience very little choking sensation 
WTien patients are \ciy nervous it is well to spray the throat with 
cocaine solution 

The tube should be dipped in warm water just before using, or 
chUletl m ice v.-ater in order to reduce nausea, the use of gljccnn or 
other lubncant is undesirable W ith the patient seated upon a chair 
his clothing protected bj tonels or a large apron, and his head tilted 
forward, the tip of the tube, held as one iTOuId a pen, is introduced 
far back into the phai^nx He is then urged to swallow, and the tube 
13 pushed boldly into the esophagus until the colored ring upon it 
reaches the incisor teeth, thus indicating that the tip is m the stem 
ach If, now, the patient cough, or strain as if at stool, the contents 
of the stomach uiU usually be forced out through the tube Should 
it fail, the fluid can generally be pumped out by alternate compression 
of the tube and the bulb If unsuccessful at first, the attempt should 
be repeated with the tube pushed a little further m, or withdrawn a 
few inches, since the distance to the stomacli is not tlic same in all 
cases The tube may become clogged with pieces of food, m which 
case It must be uithdraun, deaned, and reintroduced If, after all 
efforts, no fluid is obtained, anolber test meal should be given and 
withdrawn after a somewhat shorter period since, owing to excessive 
motility, the stomach may empty itself in less than the Usual lime 
Care must be exercised to prevent saliva or vomitus runmng down 
the outside of the tube, and mingling with the gastric juice in the 
basm As the tube is removed it should be pinched between the fuigers 
«o as to save any fluid that may be in il 

A more salisfactorj method of withdrawing the fluid with this 
tube U to remove the bulb section and attach a PoUtzer bag voth a 
short section of glass tubing intervening The fluid may then be 
aspirated into the bag without danger of admixture of saliva or 
vomitus 

veeji wvtii tase, wi wat, ?.t. aH, m 

cases of gastric ulcer, aneurysm, uncompensated heart disease, and 
marked aitcnosclcrosis Except m gaslnc ulcer, the danger lies in 
the retching produced, and the tube can safely be used if the patient 
takes it easUy 

The above procedure is made much easier both for ph^-siaan and 
(latient b> use of one of the newer types of stomach tube, of which the 
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Rehfuss tube is best known The metal tip is placed well back m the 
patient's pharynx, and he is directed to swallow several times in 
rapid succession with his bps closed and with his tongue formmg a 
groove for the tube, upon which he sucks between swallows Deep 
breathing will aid m o\ercoinmg naittea After it has reached the 
stomach, mdicated by the colored nng reaching the mcisor teeth, 
the heavy tip sinks to the most dependent portion, and as much or 
as httle of the stomach contents as is desired may be drawn off by 
means of an aspirating syringe A satisfactory tube, known as the 
“Sawjer tube,”‘ is on the market The walls of the tube are of such 
thickness and the size of the tube is such that no wire stjlet is neces 
sary as m the Jutte tube, nor is it neassary to use a metal tip as in 
the Rehfuss tube 

Wth the practical appreaatioo that there is great vanation m the 
time at which the height of digestion is reached the * */factional method** 
came into wide use This is carried out as follons 

1 Insert a Rehfuss stomach tube before breakfast and empty the 
stomach as far as possible 

2 Remove the tube and give an Ewald test breakfast, which must be 
chewed thoroughly If an alcohol meal is used it is admimstered through 
the tube 

-y* Kemsert the tube and withd raw 5 cc of me.storoadi coDteDts.,at 
fifteen mmute interyats ,juntif'lhelluid~is~fr^’ from food particles or until 
Ihe'acidity has return^ to the same level as’Var found Tn the fasting 
content tube is left m place during the whole procedure Ordinarily it 
causes very httle nausea 

4 Examine each of the 5<c portions, and ako the fluid from the 
fasting stomach for total acidity , f ree hydrochloric acid , and lacUc acid 

By means of the Kehfuss tube a much larger ^antity ot gastric Juice 
can often be obtained from the fastmg stomach than was formerly believed 
possible “nie quantity is very variable, ranging from 5 to 150 c c_ or even 
more, ^^ jara gmg about 40 cc th e aciHity values are aho variable 
Averages for the fasting content”and each of the fifteen minute penods are 
shown in Fig I9S Ih some normal individuals the fieigbt of tfie aacfity 
curve may be reached earber, m others ("slowly elaborating stomachs”) 
much later 

Recent work has thrown much doubtTfpon the value of the fractional 
method as originally earned out It has been shown that samples of fluid 
secured from different parts of the stomach at the same time may differ 
markedly in acidity, particularly m individuals with gastric disease Samples 
obtained m rapid succession through the same tube often differ greatly It 

'Tlus tube dneloped at Tbe Majn Oliuc after many modifications of vanoirj 
types of tubes by bliss Sawyer techn aan in tbe Gastnc Laboratory Section of Cbnieal 
Laboratones. may be purchased from V Ifttdler & Co , Chicago 
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lias been sugi^ested that just before each of the fifteen minute samples is 
removed the contents be mixed bj sucking a portion into the syringe and 
forcing it back into the stomach Probably the best method of fractional 
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Fig 198 —Diagram ahowing llw average aa<I «y of stomach flo d of twenty four healthy 
persons studied by Talbot by the fractionat method F S rafting Stomach. 


anal>'sis is to give a series of test meals upon successive dsys, and to remove 
the entire contents each day at a different period of digestion In any case 
only very marked changes in acidit> are important 

Phtsical Eiaminatioh 

Under no rmal conditions 50 to 100 cc of fluid can be obtained 
one hour 'art’er‘"admfnisler!ng' Uwald s breakfast Larger amounts 
point to motor insuliiciency or hypersecretion, Jess than 20 fcC to 
too rapid emptying of the stomach or else to incomplete removal 
Upon standing it separates into two layers the lower consisting of 
particles of-food, the upper, of an alroost-clear, faintly yellow fluid 
The extent to which digestion has taken place can be roughly judged 
from the appearance of the food particles 

The reaction is frankly acid m health and in nearly all pathologic 
conditions It may be neutral or slightly alkaline m some cases ol 
gistnc cancer and marked chronic gastntis or when contaminated by 
a considerable amount of saliva 

A small amount of mucus is present normally Large amounts 
when the gastric contents are oDtained with the tube and not vomited 
point to chronic gastntis Mucus is recognized from its charactenstic 
slim> appearance when the fluid is poured from one vessel into another 
It IS more frequently seen in stomach waslungs than in the fluid 
removed after a test meal 

A trace of j)De. is common as a result of excessive straining while 
the tube is m the stomach Large amounts are very rarely found 
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and generaU> point to obstruction m the duodenum Bile produces a 
yellowish or more frequently greenish discoloration of the fluid 

Blood, IS often recognized by simple inspection but more fre 
quently requires a chemical test for conflrmation It is bright red when 
v’cry fresh and darl, resembbng coffee grounds when older Vomiting 
of blood or hemaiemtsis maj be mistaken for pulmonary hemorrhage, 
or hemopiysts In the former the fluid is acid m reaction and usually 
dark red or brown in color and dotted, while m hemoptysis it is 
brighter red frothy alkaline and usually mixed with a variable 
amount of muais V hen the blood is small in amount and bngbt red 
the possibihtj that it onginates from injury done by the tube must 
not be overlooked 

Particles of food eaten hours or even days previously may be 
found and indicate deticient motor power 

Search should always be made for bits of tissue from the gastric 
mucous membrane or new growths- These, when examined by a 
pathologist will sometimes reader the diagnosis clear 

C Chemical Examikatioii 

A routine chemical examination of the gastnc contents involves 
qualitative tests for free bydiochlonc acid and orgafiiC acids and 
quantitative estimations of total acidity free hydrochlonc aad and 
sometimes combmed hydrochloric aad Other tests are applied when 
indicated In the routine examination qualitative tests are done 
before quantitative For this reason all of the quabtative tests are 
discussed before the quantitative procedures 

I Qualitntne Tests — (1) Free Acids — ^The presence or ab 
sence of free aads without reference to the kind is easily determined 
by means of Congo red although the test is not mucli used m practice 

Coogo-red Test. — ^Take a few drops of a strong alcoholic solution of 
Congo red m a test tube dilute with water to a strong red color and add a 
/«? ci/bfc centicaciees 0 / AVemf gssittc jace 7»V sppeamaC'S of a AV.f 
color shows the presence of a free aad (Plate \ B Since the test is 
more sensitive to mineral than to organic acids a marked reaction points 
to tlie presence of free hydrochlonc acid 

Thick filter paper soaked In Congo-red solution dried and cut into 
strips may be uved but the test is much less delicate when thus applied 

(2) Free Hydrochlonc Aad — ^In addition to its digestive function 
free hvdrochlonc aad is an cfhaent anti'cptic It prevents or retards 
fermentation and lactic aad formation and is an important means of 
protection against the entrance of pathogenic organisms into the 
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body It IS never absent in health The significance of vanatioas la 
disease is discussed on page 456 

Dimethyl ainlno-s 2 obea 20 l Test — ^To a little of the filtered gastne 
juice in a test lube, or to scNeral drops la a porcelain dish, add a drop of 
0 5 per cent alcoholic solution of dimethyl ammo-azobenzoL In the presence 
of free hjdrochlonc acid there will at once appear a ckerry-red color, 
mintcnsiiy with the amount of aad (Plate XI C) This test is ^'ciydelica e 
but, unfortunaiclj, organic acids, when present in large amounts (aboi-* 
0 5 per cent), gi% e a similar reaction The color obtained with oigaaic amis 
is, hoirever, more of an orange red 

Boas’ Test —This test is less delicate than the precedmg, but is ncit 
reliable, since it reacts only to free hydcodilonc aad It is probably t! 
best rouime test 

In a porcelain dish mix a few drops of the gastric juice and the reagfs 
and slowly evaporate to dryness o\er a flame, taking care net hscerJ 
The appearance of a rose red color, which fades upon cooling shoirs tl' 
presence of free hydrochloric aad (Plate X, 3) 

Boas' reagent consists of 5 Gm rcsublim^ resorcmol, and 3 Gm. ca 
sugar, m 100 cc alcohol The solution keeps well, which, from tbefn. 
UUonets iiewpomt, makes it preferable to GUnzburg’s phlorog liiea- 
i-aniUin reagent ( phloroglucm. 2 Gm , vanillin, 1 Gm , absolute ai® 
3u e.c) 'jiie utter is just as dchcale, is applied in the same way, and I'm 
a sharper rcacuon (Plate X, 4), but is unstable 


(3) Organic Acids — Lactic aad is the most common, and is Ule 
as the ty^ic of the organic aads which appear in the stomach contirB 
It 13 a product of bacterial activity Acetic and butync aad» n 
sometimes present Their formation is closely connected with 
lactic aad, and they are rarely tested for \Vhen abundant, they cn 
he recognized by their odor upon heating Butync aad gives the oit 
of ranad butter 

Lactic acid is ne\er present at the height of digestion m 
Although often present early in digestion, it disappears when 1" 
hy drochlonc aad begins to appear Small amounts may be istr 
duced with the food Pathologically, small amounts may be pr^ 
whcnc\cr there is stagnation of the gastnc contents with 
riyarociiibnc aad, as m many cases of dilatation of the stomacli^ 
dironic gastritis iTje presence of notable amounts of lactic lo- 
(morc than 01 per cent by Strauss’ test) is strongly suggwbiej 
gas nc cancer, and is probably the most valuable laboratory 


Ewald test breakfast introducea a 
o n o actic aad, hut rarely enough to respond to the 



PLATE X 



Fjg 1 — A, USelmann’s 
reagent. A*, A after the ad 
dition of gastnc fluid con 
taiDUig lactic aad (Bostoo.) 


Fig 2 — B, \eater to 
«hKh 3 drops of Congo red 
solution ha\-e been added, 
B’ change induced in B 
uhen gastnc fluid contain 
ing free bydrochlonc aad is 
added (Boston) 
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gi\’en here In every case, however, m which its detection is important 
the shredded wheat biscuit or Boas’ test breakfast, consisting of a 
pint of oatmeal gruel, should be given, the stomach having been thor 
oughly washed the evening before 

'Ufielraann’s Test for Lactic Acid — Thoroughly shake up 5 cc of 
filtered stomach fluid vnth 50 c c of ether for at least ten mmutes Collect 
the ether and evaporate Dissolve the residue m 5 c c of water and test 
with Uffelmann's reagent as follows 

In a test tube mix 3 drops concentrated solution of phenol and 3 drops 
saturated aqueous solution of feme cblonde Add water until the mixture 
assumes an amethj'st blue color To this add the solution to be tested The 
appearance of a canary ^dlovf color indicates the presence of lactic acid 
(Plate X, A, A‘) 

Uffelmann’s test may be applied directly to the stomach contents without 
extracting with ether, but is then neither sensitive nor reliable because of 
the phosphates, sugars, and other interfcnng substances which may be 
present 

Kelling’s Test (^iwien’r Afcdijicalion) — This is much more satisfactory 
than Uffelmann’s To a test tube of isUDed water add sufficient feme 
chlonde solution to give a faint yellowish tinge Pour hall of this mto a 
second test tube to serve as a control To the other add a small amount of 
the gastnc juice Lactic acid gives a distinct >ellow color which is readily 
recognized by comparison with the control The color is best seen when the 
tubes ate viewed from above over a sheet of paper 

Strauss* Test for Lactic Acid — This is a good test for clmical work, 
since It gives a rough idea of the quantity present and is not sufficiently 
sensitive to respond to the traces of lactic acid which some test meals mtro- 
duce Strauss’ instrument (Fig 199) is essentially a separatory funnel with 
amarkatScc andoneat25cc FiUtothe5cc mark with filtered stomach 
fluid and to the 25-c c mark with ether Shake thoroughly for tea or fifteen 
minutes, let stand until the ether separates, and then, by opening the stop- 
cock, allow the gastric juice to run ouL Fill to the 25 c c mark with water 
and add 2 drops of a 10 per cent solution of feme chlonde Shake gently 
If 0 1 per cent or more lactic acid be present the water will assume a strong 
greenish yellow color A slight tmge will appear with 0 05 per cent 

(4) Pepsm and Pepsinogen — Pepsinogen itself has no digestive 
power It IS secreted by the gastnc glands, and is transformed mto 
pepsin by the action of a free aad Although pepsm digests proteins 
best m the presence of free hydrochloric aad, it has a slight digestive 
activity m Ae presence of organic or combmed hydrochlonc acids 
The amount is not influenced by neuroses or circulatory dis 
tuibances Absence or marked diminution therefore, indicates organic 
disease of the stomach This is an important point in diagnosis 
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between functional and organic conditions Pepsin is rarely or never 
absent m the presence of free hydrochloric aad 

Test for Pepsin and Pepsinogen — ^\Vith a corL borer cut small cjlinders 
from the coagulated white of an egg, and cut these into disks of uniform 
sire Tlie egg ^ould be cooked very slowly, preferably over a water bath 
so that the white may he readily digestible The disks may be presented m 
glycerm but must be n-aslied in water before using 

Place a disk m each of three test lubes 

Into Tube No I put 10 c c disuUed water, 5 grams pepsm U S P 
and 3 drops of the ofBcial dilute hydrocblonc acid 

Into Tube No 2 put 10 cc filtered gastric juice 
Into Tube No 3 put 10 c c filtered gastric juice and 
3 drops dilute bjdro^lotic acid 

Place the lubes in an incubator or m warm water 
for three hours or longer At intervals observe the 
extent to which the egg albuinm has been digested 
This Is recognized by the depth to which the disk has 
become translucent 

Tube No 1 IS used for comparison and should show 
the effect of normal gastric juice 

Digestion of the egg m Tube No 2 indioites the 
presence of both pepsm and free hydrochloric aad 
WTien digestion fails in Tube No 2 and occurs in 
No 3 pepsmogen is present haxTng been transformed 
into pepsin by the h\drochlonc aad added. Should 
digestion fail m this tube both pepsm and pepsinogen 
are absent 

(5) Rennln is the milk curdling ferment of the 
Fig 199— Sep- gastnc juice It isden%ed from rennmogen through 
Sn^uss^'^""ac/c^ action of hjdrochlonc aad Deficiency of rennin 
*cid test (Sahiil has the same significance as deficiency of pepsin and 
IS more easily recognued Indeed, the existence of 
rennm as a separate enzyme is m doubt, since it has never been 
isolated The curdling of milL may in reality, be due to pepsin 

Test for Rennin. — Neutralize S cc filtered gastnc juice with very 
dilute sodium hydroxide solution add 5 C.C fresh milk and pkte m an 
incubator or m a vessel of water at about 40“ C Coagulation of the milk in 
ten to fifteen mmutes shows a normal amount of renom Delayed coagulation 
denotes a less amount 

(6) Blood IS present in the xonutus m a great variety of con 
ditions WTien found in the fluid removed after a test meal it com 
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monly points to^rd ulcer or caraaoma Blood can be detected in 
nearly one half of the cases of gastnc cancer The presence of swal 
lowed blood and blood from injur} done by the stomach tube must 
be excluded 

Test for Blood in Stomach Contents — ^Extract vnth ether to remove 
fat if this be present which is usually not the case after a test meal If 
the fluid be strongly acid, as frequently happens in artificial fluids carelessly 
prepared for class use, the blood pigment may go mto solution m this ether 
and be unwittingly discarded 

To 10 c c of the fat free fluid add 3 or 4 c c of glacial acetic acid and 
shake the mixture thoroughly with about 5 c c of ether Let stand a short 
tune, remove the ether, whtdi forms a layer above the stomach fluid, and 
use half of it for the guaiac or benzidine test (p llo) Separation of the 
ether may be facilitated by adding a small amount of alcohol In the case 
of a positive reaction the remainder of the ether extract may be examined 
spectroscopically, after treating so as to develop the bands of hemochromo 
gea (pp 356, 358) 

When brown particles are present m the fluid the hemin test may be 
applied directly to them 

2 Quantitatne Tests — (1) Total Acidity — The acid reacting 
substances which contribute to the total aadity are free hy drochlonc 
aad, combined hydrochloric acid, acid salts, mostly phosphates and, 
m some pathologic conditions, the organic aads The total acidity is 
normally about 50 to JOO degrees (see method below), or, when esti 
mated as h} drochlonc aad, about 02 io 03 per cent With Riegels 
test meal the figures are a Uttle higher 

w^^pfer’s Method for Total Acidity — ^In an evaporating dish or small 
beaker take 10 c c filtered stomach conteols and add 3 or 4 drops of the 
indicator, a 1 per cent alcoholic solution of phenolphlhalem ttlien the 
quantity of stomach fluid is small, 5 c.c may be used, but results are less 
accurate than vnth a larger amount Add decmormal solution of sodium 
hydroxide drop by drop from a buret, until the fluid assumes a rose red 
color which does not become deeper upon addition of another drop (Plate 
XI, A, A') Most workers accept the first appearance of a permanent pmk 
as the end point, just as m other titrations with phenolphthalwn as indicator, 
but, owing to interaction of phosphates, \tood advises that the titration 
of gastric juice be earned a little farther, as here indicated \\ hen this point 
IS reacted all it e acid has been neutrabzed The end reaction will be sharper 
if the fluid be 'aiuraled w uh «odiuia ddonde A «hcet of white paper beneath 
the beaker faahtates recogniUon of the color change 

In clinical work the amount of aadity is tvpressed by the number of 
cubic cenlimcters of the deanomial sodium hydroxide solution vvhich would 
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be required to neutralue 100 e c of the gastric juice, each cubic ceatimeter 
representing one drgree of acidity Hence, muitipl) the number of cubic 
centimeters of decinormal solution required to neutralise the 10 cc of 
stomach fluid by 10 This gives the number of degrees of acidity The 
amount may be expressed m terms of hydrochloric acid, if one remembers 
that each degree is equivalent to 0 OOJ6S Gm of hydrochloric acid Some 
one suggests that this is the number of days in the year, the last flgute, 5, 
indicating the number of decimal places 

Lxample — Suppose that 7 cc of decinormal solution were required to 
bnng about the end reaction in 10 cc gastnc juice, then 7 X 10 » 50 
degrees of acidity, and, expressed in terms of hydrochloric aad, 70 X 
000365 = 0 255 per (ent 

Treparation of decmonnal solutions is described on page 833 The 
practitioner wiU find it best to have them made by a chemist, or to purchase 
from a chemical supply house 


(2) Hydrochloric Acid — After the Ewald test breakfast the amount 
of free hydrochloric acid vanes normally between 25 and 50 degrees, 
or about 0 I to 0 2 per cent In disease it may go considerably bgher 
or may be absent altogether 

When the amount of free hydrochlonc aad is normal, organic 
disease of the stomach probably does not eaist 

Iiierease of free hydrochlonc aad above SO degrees (hyperehlor 
hydrta) generally indicates a neurosis, but also occurs in most cases 
of gastnc ulcer and beginning chrotuc gastntis It has been found in 
normal persons 

Decrease of free hydrochloric aad below 25 degrees [hypochlcr 
hydrta) occurs m some neuroses, chronic gastritis, early caranoma 
pellagra, and most conditions assoaated with general systemic-de- 
pression Marked variation in the amount at successive examinations 
strongly suggests a neurosis Too low values are often obtamed at the 
first examination, the patient s dread of the introduction of the tube 
probably inhibiting secretion 

Absence of free hydrochlonc aad (achlorhydria) occurs m most 
cases of gastnc cancer and far advanwd chronic gastntis m man) 
cases of pellagra, and sometimes in hysteria and pulmonary tuber 
culosis Achlorhydna is a constant and important symptom of per 
maous anemia even dunng remissions It sometimes appears long 
before any anemia is recognirablc 

The presence of free hydrodilonc aad presupposes a normal 
amount of combined hydrochloric acid, hence the combined need not 
be estimated when the free aad has been found ’IVhen, however, free 
hydrochlonc aad is absent, il is important to know whether anj 



PI^TL XI 



A, Gastnc f?u(<J to nhich a I per cent solution of phmolphlhalem has Ijcct added, B, 
gastric fluid to which a I per cent solution of aliaann has been added, C, gastne fluid to 
which a 0 5 per cent solution of dimcthylamino-azobcnaol has been added. A', \ after ti- 
tration mth a dccinormal solution erf sodmm hydrond, B', B after titration with a deo 
nomial solution of sodium h}dro\ii], C, C alter titration mlh a decinormal solution of 
sodium h>dro.'ud (Boston) 
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acid iS secreted, and an estimation of the combined acid then becomes 
of great value The normal average after an Ewald breakfast is about 
^ 10 to IS degrees, the quantity depending upon the amount of protein 

the test meal Somewhat higher figures are obtained after a Riegel 
test meal Of greater significance than the amount of combmed acid 
IS the aad deficit, described later 

TBpfer’s Method for Free Hydrochloric Add. — Jr a beaker take 10 
c c filtered stomach Quid and add 4 drops of the mdicator a 0 5 per cent 
alcoholic solution of dimethyl ammo-azobenzol A red color instantly appears 
if free hydrochloric acid be present. Add decmormal sodium hydrovide 
solution, drop by drop from a buret, until the last trace of red just dis- 
appears and a canary yellow color takes its place (Plate XI, C, C') For 
accuracy it is better (Benedict) not to carry the titration quite to the 
canary yellow stage, although the end pomt is then not so definite Read 
off the number of cubic centimeters of decmormal solubon added, and 
calculate the degrees or percentage of free hydrochloric acid, as in Topfer’s 
method for total acidity 

When It IS impossible to oblam suffiaent Quid for all the tests, it will 
be found convenieat to estimate the free hydrochloric acid and total aaditv 
u the same portion, and this is frequently adopted as a routine regardless 
of the amount of Quid available After finding the free hydrochloric aud 
as just described, add 4 drops of phenolphthalem solution, and continue 
the titration The total amount of decmormal solution used m both the 
titrations mdicates the total acidity 

Topfer’s Method for Combined Hydrochloric Acid — ^lo a beaker take 
10 c c filtered gastric juice and add 4 drops of the indicator, a 1 per cent 
aqueous solution of sodium ohzann sulfonate Titrate with decmormal 
sodium hydroxide unUl the appearance of a violet color which has a slightly 
bluish tinge, and do« not become deeper upon addition of another drop 
(Plate XI, B, BO It is difficult, without practice, to determine when the 
right color has been reached It is not always exactly the same, and it is 
belter to watch the color change than to depend upon gettmg the precise 
shade A reddish violet appears first The shade which denotes the end reac 
tion can be approximately imitated by addmg 2 or 3 drops of the indicator 
to 5 c c of 1 per cent sodium carbonate solution 

Calculate the number of cubic cenlimeters of decmormal solution which 
would be required for 100 c c of stomach fluid This gives m degrees, all 
the acidify except the combined hydrochloric aad The combined bydrochlonc 
aad is then found by deduclmg this amount from the total aaity, which 
has been previously determined 

Example —Suppose that 5 c c of decmormal solution were required to 
produce the purple color in 10 c c gastric juice, then 5 X 10 = 50 o/f 
the acidity except combined hydrochUnc acid Suppose, now, that the total 
acidity has already been found to be 70 degrees, then 70 — 50 =* 20 degrees 
of combined hydrochloric acid and 20 X 0 00365 = 0 073 per certi 
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Remnants of food from previous meals indiaite deficient gastric 
motility 

Red Blood Corpuscles. — ^Blood is best recognized by the chemical 
tests already given The corpuscles sometimes retain a fairly normal 
appearance, but are generally so degenerated that only granular pig- 
ment is left. When only a few fresh looking corpuscles are present, 
they usually come from imtation of the mucous membrane by the 
tube. 

Pus Cells. — ^Pus is rarely encountered in the fluid removed after a 
test meal Considerable numbers of pus corpuscles have been found 
in some cases of gastric cancer The corpuscles are usually partiaUy 
digested, so that only the nuclei are seen The nuclei appear as small 



droplets and fat crystals,/ starch granules, chlorophyl'Contoiung vegetable matters 
vegetable spirals, t, boctena, ft, sarotue, I, yeast cells (Jabob). 

highly refractile bodies whtdi lie in dusters of two, three, or four 
Swalloi\ed sputum must always be considered. 

Sarcinae. — ^Tbese are small spheres arranged in cuboid groups, 
often compared to bales of cotton They frequently form large clumps 
and are easily recognized Th^ stain brown with iodine solution 
They signify fermentation. Their presence in considerable numbers is 
siraa evidci3/:n tha existentm. oH sastde, carystc, us. which, disease 

they rarely occur. 

Yeast Cells. — ^As already stated, a few yeast cells may be found 
under normal conditions The presence of considerable numbers is 
evidence of retention and fermentation Their appearance has been 
described (p 159). They stain yellow to brown with iodme solution 
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Bsctcfi*.— Xumerous baetcria may be encountered, cspedally in 
the ab«T5ce of free hydrochloric add. The Doss-Opl’lrr bacillus is 
the only one of rpcdal significance. It occurs in the majority of cases 
of cancer, and b rarejy found in other conditions. Carcinoma probably 
furnishes a favorable metlium for its grotrih. It belongs to the BaciUus 
hultaricvs group. 

Boas Oppler bacilli (Hg. 201) arc la^ (5 to 10 n Jong), nonmotile, 
and usually arrangcrl in clumps or end to end in zigzag chains. Thej* 
st.a’m j-cUow to broxxm ssilh iwUne solution, which distingubhes them 
from IxpiolricHa turco/it (p. 56) wh>d» is not infrequently swa)Jos«t:d, 
and hcnct found in stomach fiuul. Tbcy also slain by Cram's method. 
Thej' are easily seen with the 4-mm. objcclisc in unstained prepara- 
tions but are br<l rtoognizttl with the oil lens, after drying some of 
the fluid upon a eo\Tr gloss, fixing and 
staining with a simple bactcri.i1 stain 
or liy Gram's method. 

A few large nonmotile badlU ate 
frequently seen; thej- should not be 
reported as lloas-Opplcr iucIUi unless 
they arc numerous and show some- 
thing of the tj-pical arrangement 

E. Tnr Gi»i«c ConixTis w Discass 

In Ute diagnosis of stomach dis 
orders the practitioner must be cau- 
tioned .^gainst rcl^mg too much upon 
examinations of the stomach contents. 

A first cwminalion b especially unreliable. Ibxn when repealed 
examinations arc made, the laboratory findings must nc\er l>e 
cnnsiclercd apart from the clinical signs. 

The more cliaractcrislic findings in certain disorders arc suggested 
here: 

t. ifitatatiiSii df tbcc Sbaanscif. — iVefotrrecy cf nrPrrrriwr mtvi? 
fermentation arc the chief characteristics of this condition. Hydro 
diloric add is commonly diminbhed. Pepsin may be normal or 
slightly diminished. I.aclic add may be detected in small amounts, 
but is usually absent when the stomach has been washed before 
giving the test meal. Both motility and absorptive power arc dc- 
fident. The microscope commonly shows sardnae, bacteria, and great 
numbers of yeast cells. Kcmnanls of food from previous meals can be 
detected with the nakc<l eye or microsoopically. 
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2. Gastric Neuroses — The findings are vanable Successive ex 
aminations may show normal, increased, or diminished hydrochloric 
aad, or even entire absence of the free acid Pepsin vs visually normal 
The presence of more than 100 cc of gastric juice in the fasting 
stomach has until lately been taken to indicate a neurosis charac 
tenzed by continuous hyper'^ecretion (gastrosuccorrbea), but recent 
studies of the fasting contents with the Rehfuss tube throw some 
doubt upon the condition WTien the fluid contains food partides, it is 
the result of retention not hj'persecrction 
^^'^Chronic Gastritis — Free hydrochlonc aad may be maeased 
in early cases It is generally diminished in well marked cases, and 
IS often absent m advanced cases I>actic acid is often present in 
traces rarely in notable amount Secretion of pepsin and renmn is 
aloajs diminished m marked cases Mucus is frequently present, and 
IS verj significant of the disease Molihtj and absorption are gen 
erally defiaent Small fragments of mucous membrane ma> be found 
and when examined by a pathologist may occasionally estabbsh the 
diagnosis 

,^‘^AchjIia Gastnea (Atrophic Ga;stfitis) —This condition maj 
be a terminal stage of chronic gastntis It is sometimes assoaated 
witlv the blood picture of permaous anemia It gives a great decrease, 
and sometimes entire absena of hydrochloric aad and ferments 
The total aadity ma> be as low as 1 or 2 degrees Small amounts of 
lactic aad may be present Absorption and motihty are not greatly 
affected Achylia is not considered as significant as it vras formerly 
thought to be, as it may occur m apparently healthy normal persons 
For a complete review of recent thought on gastric anaodity the 
readepis referred to the work of Bloomfield and PoUand ' 

^ Gastric Carcinoma — As far as the laboratory examination 
goes, the cardinal signs are absence of free hydrochlonc acid and 
presence of lactic aad, and of the Boas Oppler bacillus These find 
mgs arc, hov\evcr, by no means constant, and in any case can be 
considered only as part of the evidence 

It IS probable that some substance is produced by the cancer 
which neutralizes the free hydrochloric acld^ and thus causes it to 
disappear earlier than in other organic diseases of the stomach In 
early cases it may be diminished but slightly or not at all 

Ihc presence of lactic aad may be a suggestive symiptom of gastnc 
cancer In the great majority of cases its presence in notable amount 
(0 I per cent by Strauss’ method) after a test breakfast, the stomadi 

* Bloomfield A B , and PolVuid W S Gastric Anacidjty lu ReUl ons to Dise»“- 
New \ork, Tbe ilscmillan Co^ ISU3 JTSpp 
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ha\nng been washed the evening before, \sarrants a tentati\’e diagnosis 
of malignancy 

Carcinoma seems to furnish an espeaalJj favorable medium for the 
growth of the Boas Oppler bacUIus, hence this micro-organism is 
frequently present, and may also be found in the feces in large numbers 
(p 485) 

Blood can be detected m the storaadi 0uid b> the chemical tests 
in nearly one half of the cases, and is more common when the nei\ 
growth IS situated at the pylorus Blood is present m the stool m nearlj 
e\ery case 

Evidences of retention and fermentation are the rule in pjlonc 
cancer Tumor particles are sometimes found late m the disease 
Saranae are rarcl} found 

Gastric Ulcer. — ^There is excess of free hydrochloric acid in 
a^ut one half of the cases In other cases the aad is normal or 
diminished Blood is often present m the gastric contents and is 
usually , although often mtermittcntly, present in the feces as “occult 
blood “ The diagnosis must be based largely upon the clirucal symp- 
toms, and where ulcer is strongly suspected, it is probably unwise to 
use the stomach tube 

n ADCmOKAL EXAinKATIOnS WHICH GIVE INFORMATION AS TO 
THE CONDITION OF THE STOMACH 

1 Absorptive Power of the Stomach — This is a very unim 
portant function, only a few substances bemg absorbed m the stom 
ach It IS delay ed m most organic diseases of the stomach, especially 
in dJatation and carcinoma, but not m neuroses The test has little 
practical value 

Give the patient, upon an empty stomach, a 3-gram capsule of potas 
Slum iodide wiih a glass of water, tahmg care that none of the drug adheres 
to the outside of the capsule At mlerv'als test the saliva for iodides by 
moistening starch paper with it and touching with yellow nitric aad A 
blue color shows the presence of an iodide, and appears normally m ten to 
thirty minutes after ingestion of the capsule A longer time denotes delayed 
absorption 

Starch paper is prepared by soaking 61ter paper in boded starch and 
dryong 

2 Motor Power of the Stomach — This refers to the rapidity 
with which the stomach passes its contents on into the intestines 
It IS very important Intestinal digestion can compensate for insufS 
aent or absent stomach digestion only long as the motor power 
IS good 
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MoUUty IS imjKwred to some exteat m chrome gastntjs It js espe 
aally deCaent m pylorjc obstruction caused by malignant or benign 
new growths, m pylonc spasm, as m hyperddorhydna, and in atony 
of the stomach which is usually associated with dilatation and 
gastroptosis 

The best evidence of deficient motor power is the detection of 
food in the stomach at a time when it should be empty, before break 
fast in the morning A speaal test meal containing easily recognized 
matenals (nee pudding with currants jam with seeds, nisins, or 
■ipmacli) IS sometimes given and removed at the end of six or seven 
hours When more than 100 c c of fluid are obtained mth the tube one 
hour after an Ewald breakfast, defiaent motility may be mferred 

Ewald’a salol test is scarcely $0 reliable as the aboVTS It depends upon 
the fact that salol is not absorbed unDi it reaches the mtesLuies ancTis 
decomposed by the alkaline intestinal juices 

The patient is given 15 grams of salol mth a test breakfast, and the 
unne, passed at intervals ihereafltr, is tested for salicyluric acid A few 
drops of 10 per cent feme chlonde solution are added to a small quantity 
of the urine A violet color denotes the presence of salicyluric acuS It 
appears normally m sivty to seventy five minutes after ingestion of the 
salol A longer time indicates unpaired motor power 

3 To Determine Size and Position of Stomach —Aftet re* 
moving the test meal wlule the tube is still m place, force quick 
puffs of air into the stomach by compression of the bulb The pufis 
can be clearly heard with a stethoscope over the region of the stomach 
and nowhere else 

m DUODENAL CONTENTS 

1. Withdrawal of Contents — The duodenal fluids are obtained 
by means of a slender, flexible, rubber tube, from 3 to 4 mm m out 
side diameter, with a perforated metal tip (Fig 202) It is marked 
with n senes of black nngs to indicate the distances from the inasot 
teeth to the cardia, to the pylorus, and to the duodenum TIic tube 
was first demonstrated by Einhom m 1909 There are many modifica 
tions notably those of Jutte and of Rehfuss, whidi differ chiefly m 
the shape and weight of the metal tip, and in the arrangement of the 
perforations The Jutte tube has a wire stylet which facihtates intro- 
duction as far as the stomach 

WTien chief interest centers in the pancreatic ferments It may be 
well to give a cup of bouillon a half hour before the tube is Introduced 
but ordinanly no test meal is given The patient abstains from food 
fop about twelve hours taking only occasional sips of water The 
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tube IS introduced into the stomadi m the manner already described 
for the stomach tube ^ 448) The patient is then placed upon his 
right side with the hips elevated 6 or 8 inches The movements of the 
stomach, aided by gravity, carry the metal tip tlirough the pylorus 
mto the duodenum, usually within thirty to forty five minutes Fluid 
should begin to dnp from the free end of the tube soon after the 
metal tip has reached the stomach If it does not do so, siphonage 
should be started by injectmg a few cubic centimeters of warm water 
The fluid is collected in portions of about 5 or 10 c c m a senes of 
test tubes or small bottles That which first appears is from the 
stomach, and may be recogniaed by its aad reaction \Vhen the tube 
enters the duodenum the fluid beoomes slightly alkalme and is usually 
clear light jellow or colorless, and distinctly visad Only m case of 
gastric anacidity will there be much doubt as to the ongm of the 
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fluid In such cases Einhom advises giving the patient a few swallows 
of milk, and aspirating a portion of the fluid through the tube If the 
milk appears, the tube is still in the stomach 

Should the flow be interrupted, injection of a few cubic centim 
eters of warm water will usually reestablish it Occasionally, after the 
tube is in the duodenum, the fluid collected in some of the test tubes 
niU be somewhat doudy and opalescent, and less alkahne and less 
NTScid than the usual duodenal fluid This is due to admixture with 
stomach fluid which may have passed through the pylorus Such 
fluid is to be discarded 

Although an Einhom duodenal tube or some modification of this 
tube IS roost commonly used, a “double barrelled ' tube designed by 
Agren aad Lageriaf* is particularly useful m obtaining duodea^ 

‘ /gren, Gunnar and tAgeriSf Renitk The Pancreatic Secret on fn Sian after 
Zstraveaoiu Admlm tiatioa of Secretin Acta Med. Scandtnav 90 1-29 19dd. 
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contents to be examined for pancreatic enzymes (p 432) One opening 
of the tube should he m the stomach and the other in the duodenum 
The terminal parts of both passages are perforated with small holes 
except for 10 cm of the duodena! part which is meant for the pylonc 
region The tube is so constructed that it will easily pass through the 
pjlorus and not readilj coil up in the stomach Its passage should not 
be forced at any time if any obstruction is met, os resistance disappear 
m a few minutes, if the patient is placed on his right side It may tahe 
an hour to five hours for the whole insertion of this tube to the proper 
position for duodenal drainage When the tube is in the proper place 
clear, alkaline, bile colored juice should be obtained from the duodenal 
portion and gastric juice with no bile stam from the gastric portion 
Roentgenologic examination may be used to confirm the position of 
the tube, or the patient may drink, a glass of water colored with 
methylene blue If the tube is placed correctly, methylene blue will 
be obtained only from the stomach tube WTien the tube is in place, 
the gastric and duodenal juices arc aspirated continuously by means 
of a suction pump, keeping negative pressure continuously at 20 to 
30 mm of mercury 

2 Physical Characteristics — ^Normally duodenal fluid is clear, 
colorless or hght yellow distinctly viscid, and slightly alkaline to 
litmus Admixture of acid gastric juice causes it to become someahat 
cloudy and opalescent Cloudiness due to bacteria and pus corpuscles 
may be present in mfiammation of the duodenum or biliary passages 

3 Chemical Examination.-“(I) Ferments — ^Absence or great 
diminution of one or all of the panacatic ferments, amylopsm, steap- 
sm, and trypsin, would indicate deficient pancreatic secretion or 
occlusion of the pancreatic duct Their estimation yields much the 
same information as thcir estimation m the feces, but is more reliable 
Pancreatic fluid from a fistulous tract may show little or no proteo 
lytic activity The methods whidi are now considered most satis 
factory arc described m the chapter on Clinical Chemistry on page 432 

(2) Bilmibm — ^There is generally a sufficient amount of unaltered 
bile pigment to give the duodenal contents at least a tinge of yellow, 
and the depth of color is a rough though useful guide to the amount 
present, despite the presence of a variable amount of urobilin The 
amount may be recorded as +, +4-, or +++, indicating a small, 
moderate, or excessive amount, respectively Sometimes the fluid is 
dark yellow, broivn, or even chocolate broivn The presence of bile 
would rule out oamplete obstruction of the hepatic or common bile 
duct Its absence does not mean that no bile reaches the duodenum 
at any time 
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(3) tJrobiljn is a reduction product of bilirubin Its nature and 
significance are discussed on page 476 A small amount of urobilin is 
present in the duodenal contents normally , but the chromogen, uro- 
bilinogen, IS found onlj when urobilm is present in marked excess 

The presence of urobilinogen and an increase of urobilin have the 
same significance as an increase of these substances in the feces In 
each ca^e there are certain theoretic and practical objections, yet m 
clinical work estimations of urobilin in feces and duodenal contents 
appear to ha\c about equal value, and constitute our most definite 
index of the activity of blood destruction They arc extremely val 
uable m the diagnosis of the hemolytic anemias, and the study of a 
case of anemia of doubtful origin is not complete without one or 
the other 

The most satisfactory clinical method for urobilm is that of WHlbur 
and Addis, 'r\hich Schneider appbes to the duodenal contents as 
follows 

1 To 10 cc of duodenal contents add 10 cc of saturated alcoholic 
solution of zinc acetate Shake uell and filter 

2 To 10 ce of the filtrate add I cc. of Ehrlich s reagent (p 477) "Mix 
and let stand in a dark place for fifteen minutes 

3 Examine nub a spectroscope and dilute uith 60 per cent alcohol 
until the bands of both urobilin and urobibnegen hase disappeared exactl> 
as IS described for urobilm m feces (p 478) Calculate the dilution t-alue 
for 1000 cc of duodenal contents, remembering that the filtrate used 
represented 5 cc. of duodenal fluid If, for example the urobilm and 
urobilinogen bands disappeared when the 10 c c of filtrate was diluted 
to SO cc and to 40 cc. respectively, then the dilution value of 5 cc of 
duodenal fluid is 16 for urobilm and 8 for urobilmogen, and for 1000 cc 
it nxiuld be 200 times this, or 3200 and 1600, with a total dilution value 
014800 

Schneider found the maximum for healthy medical students to be about 
1000 diluUons with urobilinogen never present In pemiaous anemia and 
hemolyiic jaundice urobilinogen is generally present, and the total dilution 
vufue usually reaches 3000 to 5000 Giffin, Sanford and Szlapka found a 
Sinking decrease following splencclomy, particularly m pemiaous anemia 

Schneider used these figures m the foUowmg formula, which aims to 
express the relation between blood regeneration and blood destruction in 
the form of an index number which be designated as the H H (hematopoietic 

hemolytic) Index — = H H index, Z lepresentmg the total duodenal 

urobilm dilution v’alue m thousands, and Y the red corpuscle count in 
millions Under normal conditions (urobilm dilutions 1000 red cell count 
5,000,000) the index is 1 When hemol^ts is very active it will he above 
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1 unless counterbalanced by very defiaent blood formation ^Vhe^ blood 
regeneration fails tbe index will be below 1 Such an mdex is artificial and 
arbitrary, but is useful m impressing the importance of considering tbe ratio 
of blood formation to blood destruction in the course of an anemia 

4 Microscopic ExTmination — ^The duodenal fluid must be 
examined withrn a few minutes after it is secured, otherwise tbe 
cellular elements may be damaged or destroyed by the ferments 
The method is the same as for fresh untie Normally only an occa 
sional leukocyte or epithehal ccU can be found In pathologic con 
ditions these may be present m mcieased numbers, but no definite 
diagnostic mferences can be drawn A great excess of pus corpuscles 
wo^d suggest inflammation of the duodenum or bihary tract Stron 
gylotdes slercoralts and Gtardta lambha have been found, sometimes in 
great numbers Cystic and vegetative forms of Endamoeba htslohlKa 
have also been found and m such cases infection of the liver or bile 
passages is inferred 

5 Bacteriologic Examination — ^At the present time very little 
of clinical value can be learned from a bactenologic study Normally 
the fluid is sterile or contains only a few Gram positive cocci Bactena 
seen in the direct miaoscopic examination are mostly dead 

For bactenologic examination the duodenal fluid is obtained in the 
usual way, with the following precautions to prevent contamination ' 

Stenliae the lube by boilmg Slip over the melaJ tip a gelatin 
capsule which has been soaked m alcohol for several days Dip tbe 
gelatm covered tip in thin sheflac several times, letting it dry after 
each aiatmg Introduce the lube in the usual way When it has 
entered the duodenum, the gelatin bag may be removed by forang in 
a httle air or a few cubic centimeters of sterile water 

IV ezauination of fresh Bits 

Following an observation of Mcltzcr upon the effect of magnesium 
sulfate applied locally to the mucosa of the duodenum Lyon has 
advocated a procedure which he believes makes it possible to collect 
and segregate bile from the different parts of the biharj tract and he 
bolds that cytologic and bactenologic study of this bile yields informa 
tion of much value in the differential diagnosis of choleiystitis, chole 
Uthiasis, and choledochitis 

The procedure may be outhned as follows From 50 to 100 c a 
of stenie 25 per cent saturated magnesium sulfate are mtroduced 

I For deUHs see MscNaJ W and Claee A. F A ContnbuUon W tie Bsc 
teriology of tie Duodenum Atcfa Int. Me(L,/F 17S~197 <Aug } 1913 
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into the duodenum through a duodenal tube, which is left in place 
Sla^esium sulfate introduced directly into the duodenum appears to 
relax the sphincter of the common duct and thereby to induce drain- 
age of the entire biliary tract. The duodenal contents are aspirated 
into a series of sterile bottles. Golden-yellow bile from the common 
duct appears \'ery soon, and Is designated “A.” After a few minutes 
this rather suddenly gives place to a darker, more viscid bile, which 
is supposed to come from the gallbladder and b designated *‘B.” This 
portion usually amounts to from 30 to 73 c.c., and b succeeded by a 
clear light yellow bile of low specific gravity which is assumed to be 
freshly secreted bile from the liver, and is designated “C." The various 
portions are collected separately, and their color, viscosity, turbidity, 
and general appearance noted, as well as the presence or absence of 
mucus They are also examined microscopically, chiefly for abnormal 
sediments, and culturally for bacteria. 

Jones' has shown t^t in cholelithiasis the sediment, after high 
speed centrifugalization, will show diaracterbtic bile*stamed epi- 
thelium or leukoc}tes, cholesterin crystab, amorphous yellow bili- 
rubin, or darker yellowbh-brown crystaU of calcium bilirubinate. 

hIcClurc and hb colleagues* use 5 cc. oleic acid m 45 c.c. warm 
water in place of magnesium sulfate which th^ found tended to 
depress the biliary function of the liv^er. 

* Jone\ C. II.: The Katlocal Use of Uuodoul Unliugt, Aid), lot. Med , 34 60-78 
(Julyl, 1924, 

^ilcOure, C. W., Meadenh^, W. X.., and TTuntsinger. M. Studies in Livet 
Function. IV A Brochure for the Umtorm Stunulatjon of the Bihary Flow, Boston 
Med, and Sui^ Jour . 193 10S2-IOS4 (Dec), I92S 
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THE FECES 

As commonly practiced an examination of the feces is limited to 
a search for intestinal parasites or ova Much of value can, however 
be learned from other simple examinations, particularly a careful 
inspection Anytliing approaching a comj^ete analysis is, on the other 
hand a waste of time for the dimoan 

The normal stool is a mixture of — (a) water, (i) undigested and 
indigestible remnants of food, as stardh granules particles of meat, 
vegetable cells, and fibers, (c) digMted foods, carried out before 
absorption can take place, (d) products of the digestive tract, as 
altered bile pigments enzymes, mucus, (e) products of decomposition, 
as mdol skatol, fatty aads, and vanous gases, (/) epithelial cells shed 
from the wall of the intestinal canal, harmless bactena which are 
always present m enormous numbers 

Pathologically, we may find abnormal amounts of normal con 
stitucnts blood, pathogenic bactena, animal parasites and their ova 
and biliary and intestinal concretions 

The stool to be examined should be passed into a clean v'esiel 
without admixture of unne The examination should not be delayed 
more than a fen hours, owing to the changes caused by decompositioa 
The offensive odor can be partially overcome with S per cent phenol 
or a little formalin No disinfectant should be used when search for 
amebae is to be made, the vessel must be warm, and the stool kept 
warm until examined For protozoa a saline cathartic may be given 
and the firet and the second stool examined The first stool is usuall> 
too sohd and the later ones too greatly diluted Some prefer to make 
the search for amebae m feces obtained m this waj , using both the 
first and second stools A jar or bottle which is sent to the laboratory 
aearlj full of feces should be opened with great care, otherwise the 
gases which may have formed may force the fecal material out with 
a spurt and sod the hands 

/ ^'Macroscopic examination 

Vi. Quantity. — The amount varies greatly with diet and other 
factors The average is about 100 to 200 Gm m twenty four hours 
It is much larger upon a vegetable diet 
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" Frequency. — One or two stools in twenty four hours may be 

considered normal, yet one in three or four days is not uncommon 
with healthy persons The individual habit should be considered in 


every case 

^^/Form and Consistence — Soft, mushy, or hquid stools follow 
cathartics and accompany diarrhea Copious, purely serous discharges 
without fecal matter are significant of Asiatic cholera, although some 
tunes observed m other conditions Hard stools accompany consti 
pation Rounded si^balous masses are common m habitual constipa 
tion, and mdicate atony of the muscular coat of the colon Flattened, 
nbbon like stools result from some obstruction in the rectum, ^n 
erally a tumor or a stncture from a healed ulcer, most commonly 
sj'phihtic 

^,*^olor. — The normal light or dark broivn color is due chiefly 
to urobilin, which is formed from bilirubin by reduction processes in 
the intestine, largely the result of bacterial activity The stools of 
infants are yellow, owing partly to their milk diet and partly to the 
presence of unchanged bilirubin 

Diet and drugs cause marked changes Milk, a light yellow color, 
cocoa and chocolate, dark gray, various fruits, reddish or black, 
spmach, dark green, large doses of calomel, green, due to bih\erdm, 
iron and bismuth, dark brown or black, hematoxylm red 

Pathologically the color is important A golden yellow is generally 
due to unchanged bilirubin Green stools are not uncommon, especially 
m diarrheas of childhood They are sometimes met m apparently 
healthy mfants, alternating with normal yellow stools, and have little 
significance unless accompanied by symptoms The color is due to 
bihverdm or, sometimes, to chromogenic bacteria Putty colored or 
“acholic” stools occur when bile is deficient, either from obstruction 
to outflow or from deficient secretion The color is due less to absence 


of bile pigments than to presence of fat Similar stools, which hh\e a 
greasy appearance and manifestly consist largely of fat or its deriva 
tives, are common m conditions like tuberculous peritonitis which 
interfere with absorption of fats, and in pancreatic ^sease 

Large amounts of blood produce tarry black, usually viscid stools 
when the source of the hemorrhage is the stomach or upper intestine, 
and a dark brown to bnght red as the source is nearer the rectum 
When diarrhea exists the color may be red, even if the source of the 
blood is high up Red streaks of blood upon the outside of the stool 
are due to lesions of rectum or anus Amounts of blood too small for 


recognition by simple inspection constitute “occult blood ' and require 
chemical tests 
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Odor — ^Products of decoin{x}Sition, chiefly mdol and skatol 
are responsible for the normal offensive odor llie strength of this 
odor depends largely upon the amount of meat m the diet, and the 
activity of putrefactive bacteria m the intestine Upon a vegetable or 
milk diet the odor is mudi less A sour odor due to fatty aads is 
normal for nureing infants, and is noted in mild diarrheas of older 
children In the severe diarrheas of childhood a putnd odor is com 
mon In adults, stools emitting a very foul stench are suggestive of 
mahgnant or syphihtic ulceration of the rectum or gangrenous dys 
entpry 

*0. Mucus — Excessive quantities of mucus are easily detected 
with the naked eye, and signify irritation or inflammation UTien the 
mucus IS small m amount and intimately mixed with the stool, the 
trouble is probably m the small intestine Larger amounts, not well 
mixed with fecal matter, mdicate inflammation of the large intestine 
Stools composed almost wholly of mucus and streaked with blood are 
the rule m dysentery, UeocoUtis, and intussusception 

In the so-called "muaius cohe or membranous enteritis," shreds 
and ribbons of altered mucus, sometimes representing complete cists 
of portions of the bowel, arc passed, espeaally after an enema In the 
ordinary formed stool they usually pass unrecognized unless the feces 
be well mixed with water These may appear as firm, irregularly 
segmented strands, suggesting tapeworms The mucus sometimes takes 
the form of brown or black jelly like masses In some cases it is passed 
at variable intervals, with colic, in others, with every stool, with 
only vague pains and discomfort It is distinguished from inflam 
matory mucus by absence of pus corpuscles The condition is not 
uncommon and should be more frequently recognized It is probably 
a secretory neurosis, hence the name “membranous enteritis” is 
inappropriate 

Concretions — Gallstones should be searched for on several 
successive days m every case of obscure coheky abdominal pain 
Intestinal concretions (entcrobths) are rare Intestmal sand, con 
sistmg of sandJike grains, has been found m neurotic conditions, such 
as mucous cohtis It attracts less attention than formerly, since m 
most cases the so calfed "'sand" proves to be vegetabfe matter, such 
as seeds of berries or bananas or the hard brown grams from about 
the seeds of pears After ingestion of considerable amounts of ohve 
oil, nodules of scf^p and fat often appear in the feces, and may be 
mistaken by the patient for gallstones, particularly when the oil has 
been given for cholelithiasis 

Concretions can be found hy breaking up the fecal matter m a 
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sieve (which may be improvised from gauze) while pouring water 
over it. It must be remembered that gallstones, if soft, may go to 
pieces in the bowel. Gallstones are readily identified by their faceted 
surfaces. \Vhcn facets are absent, the stones can be distinguished 
from other concretions by detecting cholesterol and bile pigment in 
them The stone is broken up and as far as possible dissolved in 
ether. If now the ether be slowly evaporated in a watch glass, crystals 
of cholesterol will separate out Addition of one half volume of akohol 
to the fluid ivill cause it to evaporate more slowly with formation of 
more perfect crystals The crystals may be identified microscopically 
by their characteristic form (Fig. 45), by a carmine color at the edges 
when treated rvith a drop of concentrated sulfuric acid on the slide, 



Fig 203. — Undigested fiber from center of banana in feces (X 15) In tbe lower part 
of the figure the fiber is shown natural sue. The seements are colored reddtth brown when 
found in (he stool. Such fibers in tbe stoob of duldren with dianhea are often reported 
as small tapeworms In formed stools the segments are often broken apart, and appear 
as reddish brown rectangular bodies. 

or by a play of colors — ^blue, red, green, violet — when treated with 
a drop of Lugol's solution. To extract bile pigments treat the pahs of 
the stone which have failed to dissolve in ether with chlorofonn and 
then with hot alcohol. A yellow color in the chloroform and a green 
in the alcohol show the presence of bilmibm and biliverdin respectively. 

8. Animal Parasites. — ^Segments of tapeworms, and the adults 
of other parasites are oiten found in the stool. The method of recov- 
ering tapeworm heads is described on page 547. The smaller worms 
are sought as described for concretions, the material caught by the 
sieve being floated out in clear water and examined in a thin layer in 
a flat-bottomed dish over a dark background. The search should be 
preceded by a vermicide and a brisk purge or, when pinworms are 
ir 
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sought, by a copious enema A hand lens or a \eiy low power of the 
microscope may be needed to identify very small worms such as 
tnchmelh or the male pinworm Patients often mistake vegetable 
tissue for intestinal parasites, and many tunes physicians have been 
known to make similar mistakes The most frequent sources of con 
fusion are long fibers from poorly masticated celcr> or “greens, ’ 
which suggest round worms, cells from orange, whi^ suggest pm 
worms, and fibers from banana, which, because of the segmented 
structure and the presence of oval cells, suggest tapeworms and ova 
(Tig 203) Even slight familiarity with tlie microscopic structure of 
vegetable tissue will prevent the diagrm of such errors 

Lanae of insects are occasionally found, usually the result of 
accidental contamination, sometimes of swallownng eggs or larvae 
The> should be identified os larvae of insects without difficulty, but 
the determmation of speaes is a problem for the trained entomologist 

9 Curds —The stools of infants frequently contain whitish curd 
like masses, due either to imperfect digestion of fat or casein, or to 
excess of these m the diet \\Ticn composed of fat, the masses are 
soluble ui ether, and give the Sudan Xll test If composed of casern, 
they will become tough and fibrous hkc when placed in formalin (10 
per cent) for twenty four hours 

H. CHEMICAL EXAMINATION 

Complicated chemical examinations arc of little value to the 
chniaan Certain tests are, however, important 
vl. Reaction —Normally this is either sbghtly acid or slightly 
alkahne hluch depends on Uie diet, axcess of carbohydrates pro- 
duces acidity, excess of protem, alkalinity Pathologically, variations 
m reaction may result from mtcstinal indigestion of the respectiie 
foodstuffs The reaction may be tested with litmus or with the ah^ann 
mdi^ot used m gastnc analysis 

Fermentation. — Excessive carbohydrate fermentation, re 
suiting from intestinal indigestion of carbohydrates, is manifested by 
gas formation and an acid reaction The stool is usually soft and 
mushy, and bubbles of gas may be present The bubbles become 
HfCrtii xntnt: tjviiatA. atitrr Yl ’nas ttood tn a warm p’ratt 
hours Then the stool, when stirred with a stick, gives a crackling 
sound resembling rfiles As the gas forms the reaction becomes increas- 
ingly aad A similar bulky, frothy stool, which has these charactcnstics 
when freshly passed, is typical of sprue Normal stool contains few or 
no gas bubbles even after standing twentj four hours Speaal diets 
and speaal procedures for the deteimmation of gas formation, such as 



CEEMICAI. EKAMINATtON 475 

Schmidt’s vtgW known test, may be employed, but are not usually 
necessary 

Intestinal protein indigestion, on the other hand, is manifested 
by e%idences of putrefaction, that is, very foul smelling stoob'^th 
strongly alkaline reaction and little gas formation, together with 
exccsyif indican in the unne 

— ^WTien present m lar^ amount blood produces such 
changes m the appearance of the stool that it is not bkely to be over 
looked Traces of b lood ( ocfiift hemorrhag e) can be detected only by 
speaal tests KcoogmtronjiLocciUtJiesnorrbage has its greatest value 
in diagnosis of gastnc cancer and ulcer It is constantly present m 
practically every case of gastnc cancer, and is ahvays present, although 
usually intermittently, in ulcer Traces of blood also accompany 
mabgnant disease of the bowel, the presence of certam intestinal 
parasites, and other conditions 

Detection of Occult Hemorrhage — Soften a portion of the stool with 
rratcr, shake with an equal \olume of ether to remo\e fat, and discard the 
ether Treat 10 cc of the remaining material with about one third its 
volume of gbaal acetic acid and extract with about 10 c c ether Blood 
pigment is insoluble m neutral ether, but 1 $ readily soluble m aodified 
ether Should the ether not separate well, add about one half its volume 
of alcohol and mux gently Apply the guaiac or benzidine test to a portion 
of the ether as already described (p lla) When much urobilin is present 
the color of a positive reaction roa> be purplish brown In case the test is 
positive, it IS a good plan to use the remainder of the ether for^pectroscopic 
e-xammabOD, treating it so as to produce the bands of hemochromogen 
(pp Sad, 35S) 

In ail cases which give a posiUxe reaction with the patient upon a full 
diet repeat the test after blood pigment has been excluded from the food 
by gmng an appropriate diet — ^bread, milk, eggs, and fruit At the beginning 
of the restricted diet give 1 Gm of powdered charcoal or, better, 03 Gm 
of carmine, in capsule, so as to mark the corresponding stool 

Alvarez and Wight* described a slightly modified Gregersen test for 
occult blood which is very satisfactory Mis thoroughly banum peroxide, 
40 Gm , with pure benzidine, 5 Gm , or m smubr proportions, and store in 
bullrforni IS'S'dark, Sioppered DOifle Dissolve imiaediately before using 
0 225 Gm of the powder (the amount may be estimated from its bulk on 
the end of a spatula) m 5 c c of SO per cent acetic acid Rub a small portion 
of feces into a few drops of water on a porcelain palette Add a few drops 
of the benzidme solution and make readmgs with a stop watch according 
to the Gregersen scale, which is as follows A deep blue color inside of three 

• Alvarez, R, S , and Wight, T H T llje Cregersea Test, U S Vet. Bur Med 
BuIL, 5 8SS-890 (Nov ), 1929 
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seconds, +++, a less vivid blue in fifteen seconds, ++, a blue green 
color m an interval of from thirty to sixty seconds, +, doubtful in sig 
niScance The test is sensitive in a dilution of blood of 1 200 000, and 
gives no reaction with iron salts, or products from the ordinary diet 


Bile —Normally, unaltered bile pigment is never present in 
the feces of adults In catarrhal conditions of the small intestine 
bilinibm may be earned through unchanged It may be demonstrated 
by the Schmidt test for urobilin, or, if a considerable amount is 
present, by filtermg (after mixing with water if the stool be sobd) 
and testing the filtrate by Gmelin*s method, as described under The 


S Urobilin (Hydrobihrubm). — The urobilm of the urine and 
the hydrobihrubm which constitutes the prmcjpal normal pigment 
of the feces appear to be identical, and the present tendency is to 
use the name ‘urobiUn’ m both instances In a general way the 
name covers both the pigment urobilin, and the chromogen, uro- 
bihnogen, of which it is an oxidation product, since the two sub- 
stances have exactly the same significance Tor the mode of forma 
tion and the significance m the unne the reader is referred to the 
chapter on The Unne Owing to constipation and other factors the 
amount of urobilm m the feces is subject to marked daily vanationa 
The average of a number of successive daily estimations is, however 
fairly constant Ordinarily the twenty four hour stool gives a dilution 
value by the Wilbur and Addis method of 6000, and 9000 may be 
taken as the upper normal limit 

Since bihrubui its mother substance is a product of blood pig 
ment an abnormally large amount of urobilm m the feces or m the 
duodenal contents may be taken as defimte evidence of excessive 
destruction of red blood cells within the circulation, and quantitative 
estimations are of great value whenever such mcreased blood destruc 
tion IS in question even though, as appears to be the case, urobilm 
excretion does not exactly parallel blo^ destruction They have been 
found espeaally useful in distinguishing the anemias due to excessive 
hemoljsis (for example, pemiaous anemia) from other anemias in 
which hemoIjsis is not a prominent factor (caranoma, hemorrhage), 
m followmg the progress of individual cases of pemiaous anemia, and 
m studying the effect of splenectomy performed as a therapeutic 
measure m this disease In progressing cases of pemiaous anemia the 
Wilbur and Addis method usually gives urobilin dilution values of 
20 000 to 30 000 and often roudi more, during remissions urobilm 
may return neatly to the nonnal Txt connection wnth urobilm excre- 
tion the percentage of reticulated red corpuscles in the blood, which 



9 DDute with 60 per cent alcohol, adding a few cubic centuneters 
at a time, until first one and then the other band has entirely disappeared, 
when the sht of the spectroscope is wide open, but still remains visible 
when the slit is partly closed Tlie end pomt is fairly definite after one 
has established his standard upon a senes of normal stools It is perhaps 
best to use an unvarymg width of slit and to dilute until the bands have 
just disappeared with tins opening One may establish uniform conditions 
as to the thickness of the layer of fluid, the kind and strength of the hght, 
and the distance from the light, and then adopt a ividth of sht which gives 
an average of about 6000 dilutions in a senes of normals When usmg the 
‘ pocket” type of spectroscope we now place the fluid in a standard serologic 
tube about 12 mm in diameter and employ a 60-watt frosted Mazda hmp, 
placed about 6 mches from the spectroscope, which is mounted upon a 
temporary stand to insure steadiness The cyfes are protected from>ibc 
light by a cardboard screen 



Tig 20-} — AbsorpnoQ spectra A, Un>bilinogeD in aad soluboa with EhiLchs reagent 
B, urobdu) la aad solution «ntb zinc acetate 


10 Calculate separately the number of dilutions necessary to cause 
disappearance of each of the absorption bands and add the two together 
The calculation is based not upon the 20 cc of filtrate used, but upon the 
2 5 cc of fecal suspenston represented by the filtrate The dilution V’alue for 
the twenty four hour stool (tOOO c c of fecal suspension) is then found by 
multiplying this figure by 400 When the fecal suspension was made up 
to 5t)0 or 2000 c c the multiplier would, of coune, be 200 or SOD This hna’i 
result indicates the number of dilutions which would be necessary d all 
the urobilin and urobilinogen of the twenty four hour stool were concen 
trated in the 2 5 c c of fecal suspension examined 

Example — Suppose that in Step 9 the urobilmogen band disappeared 
when the 20 c c of filtrate had been diluted to 25 c c , and the urobilin 
band when the volume reached ^ c c , then the dilution values for the 
2 5 c c of feces would be 10 and 12 respectively and the combined value 
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10 + 12 — 22 The total dtlutuni wlue of the twenty four hour stool 
vroxild then be 22 X 400 = 8800 

If a more accurate quanlilaU\e method is desired the method developed 
by \\ atson* is the most accurate Feces are collected for four daj’S, well 
mured, and a 10-Gm portion emulsified m water is tested The method 
depends upon the reduction of all llie urobilin to urobilinogen mlh ferrous 
h>droiade, and combining the urobilinogen with modified Ehrlich s reagent 
(0 7 Gm. paradimcihjlammohenraldcbjde, ISO cc of concentrated hjdro- 
(^lonc aad and 100 c c of distilled water) and a saturated solution of 
sodium acetate The rctl color that develops can be compared with phenol 
sulfonphthalem standards Watson has developed a formula by means of 
which the values m terms of milhgrams of urobilinogen excreted per day 
can be calculated 

The normal range is between 40 and 280 mg excreted in the feces each 
day usually from 100 to 2S0 mg 

Obstruction to bile outflow owing to malignancy is usually characterized 
by diminution of the excretion of urobilinogen m the feces to less than 
5 mg each day Partul obstruction caused b> stone and diffuse hepatic 
disease have v-artable effects oo the amounts of fecal excretion of urobil 
laogCQ A marhed increase to excretion of urobilinogen in feces indicates 
hemot>'Sis In hemolytic jaundice with marked increase m exaetion of 
urobilmogen, there may be a rapid decrease in excretion after splenectomy 

6 Pancreatic Terments — ^Two of the ferments of the pan 
creatic jmee — amylase and trypsin— are normally present m the feces 
Lipase can usuaUy not be detected In pancreatic disease and m 
simple obstruction of the pancreatic duct the^c fennents are dimin 
ished or absent Quantitative estimation of the pancreatic enzymes in 
the feces which was formerly advocated is reliable, but it is better to 
use duodenal contents, as desenbed on pages 432 and 465 

ra MICROSCOPIC EXAMINATION 

Care must be exercised m selection of portions for examination 
A random search will often reveal nothing of interest Samples from 
several different parts should be examined even when the stool is 
apparently homogeneous A small bit of the stool or any suspicious 
looking particle, js placed upon a slide, thinned with water if neces 
sary, and covered vnth a cover glass The layer should be just {hin 
enough to read newsprint tluough it when the slide is placed upon 

*Wata>n, C J Stud es pf UrobilinDgai. I- An Improved Method for the Quan 
Utstne EfUmaUon of Urob Imogen la Unoeond Feces Am Jour Qm Patb,d'45S-475 
(Sept } 1916 n Urohn nogen jn the Urme aad Feces of Subjects Without Evideocc of 
D seasc of the liver or BTiajy Tract, Arch Int Med SP 196-205 (Feb.), 1937 111 The \ 
Per Dtem Excretton of Urobtlmogeo in the CoinfflOD Forms of Jaundice sad Disease of 
the Liver Arch. Int. Med , 59-206-2Jt (FA ), 193? 
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the paper. A large slide — about 2 3 inches — ^with a conespond- 

ingly large cover will be found convenient. Most of the structures 
which it is desired to see can be found with a 16-imn objective De 
tails of structure must be studied with a higher power. Since sire 
is always an important consideration in the identification of micro- 
scopic structures, and particularly so in the case of parasites and their 
ova, frequent use of the eyepiece micrometer is essential When it is 
desired to study the food remnants as an inde^r of the state of diges 
tion a test meal should be given and a series of slides prepared as 
described on page 493 

The bulk of the stool consists of granular ddbris Among the 
recognizable structures (Fig 205) met in normal and pathologic con 
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refractile xrall, the distinct (^nlral canal vrhich extends the whole 
length, and, especially, the absence o{ motion. Starch grannies some- 
times retain their original form, b«t are ordinarily not to be recognized 
except by their staining reaction. Potato starch appears in colorless 



Pig 20 ^— \(g«Ut>I«faiir(d<}ffBftQin<itnof{>cocb)tnfc<:es(ptiatosraph)< 150) Comp.ire 
vitb 271 

translucent masses somewhat like sago grains or HaLcs of mucus 
Starch strikes a blue color with Lugoi’s solution when undigested, a 
red color, when slightly digested. Scales of sardines have an appear 
ance similar to starch granules, but can be difi’ereniiated with Lugol’s 



FIs 207 — Pootly digesud muscle fiber in leas sbowlns stnatiotss and raiiged ends 
(pbotosrapb X 200) 

solution. Muscle fibers are yellow, and when poorly digested appear 
as short, trans\ereely striated tylinde^ with rather squarely broken 
ends (rig. 207). Generally the ends are rounded and the striadons 
faint; or only irregularly round or o«il jellow masses which bear 
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httle resembiance to normal musde tissue are found If a Uttle cossn 
solution be run under the co\er, muscle fibers will take up the red 
color and stand out distinctly 

Fats occur m three modifications Neutral fats, fatty acids, and 
soaps Neutral fats are present m \eiy small amounts or not at all 
on an ordinary diet Tliey appear as droplets or yellowish flakes 
depending upon the melting point They stain stronglj wth sudan 
III Pally actds take the form of flakes hkc those of neutral fat or of 
needlelike crystals uhich are generally aggregated into thick balls or 
irregular masses in wluch the individual crystals are difficult to make 
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dear and homogeneous Elastic fibers, which are often present al^ng 
with the connective tissue, are more definite in outline and brand: 
and anastomose They are rendered more distinct by acetic acid 
Excess of any of these structures may result from excessive mges 
tvon or deficient digestion, and interpretation should be based upon a 
standard test diet (p 493) 

Cells — A few epithelial cells, derived from the nail of 
the ahmentarj canal, are always present They show all stages of 
disintegration and are often unrecognizable A marked excess has its 
ongin in a catarrhal mflammation of some part of the bowel, usually 
the colon, when the cells are well preserxed Squamous cells come 
from the anal orifice, otherwise the form of the cells gi\ es no due to 
the location of the lesion '‘■v 

^Pus corpuscles are present m catarrhal and ulcerati\'e conditions 
of the Intestine The number of the pus cells roughly corresponds to 
the extent and se%enty of the process except m amebic dysentery, 
where anj considerable number of pus corpusdes indicates super 
imposed infection the pus is well mixed mth the stool the 

source is high up, but m sudi cases it is hkely to be more or less 
completely digested and hence unrecognizable 

Haughwout and others ha\e called attention to microscopic find 
mgs which they regard as characlenstic of bacillary dj sentery The 
mucus contains large numbers of polymorphonudear pus corpusdes 
together with a variable number of macrophages These are large 
moDonudear phagocytic cells with large vesicular nudei and fre 
quently contam remnants of ingested j^koiytes or red corpuscles. 
'These cells might be mistaken for endamebae but the character of 
the nucleus should make the differentiation easy They show various 
degrees of necrosis, and frequently there remains onl) the circular 
or oval rim of the cell with a few mduded granules (“ghost cell’ ) 
Haughwout states that “these two types of cells macrophage and 
ghost cell, are the tno constant and %oecific characters of the baciUa^ 
exudate ” In the majonty of cases macrophages are about 2 per 
cent of the total number of r^Us present 

A marked excess of eosinophils has been noted in the masses of 
mucus found m the discharges of intestinal allergy 

Unaltered red blood corpusdes are rarely seen unless their source 
IS the colon, rectum, or anus A striking tendency of the red cells 
to form dumps of three or more is mentioned b> Anderson as char 
actenstic of amebic dysentery When the bleedmg is in the small 
mtestine the red corpuscles can seldom be recognized as such and 
chemical tests must be used (p 475) 
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^ Crystals.— Vanous ciystals may be found, but few have any 
significance Slender, needlehke crjstals of fatty aads and soaps 
(rig 45, p 129) and triple phosphate crystals (Hg 205) are common 
Charactenstic octahedral crystals of calcium oxalate (Fig 47) appear 
after ingestion of certain vegetables Charcot Leyden crystals (Fig 
24, p 40) are often seen m ulcerative conditions of the intestine 
This may be a helpful point m distinguishing between amebic and 
bacillary dysentery Yellowish or brown, nccdlcIiLe or rhombic crystals 
of hcmatoidm (Fig 45) may be seen after hemorrhage into the bowel 
The dark color of the feces after administration of bismuth salts is 
due largely to great numbers of bismuth suboxide crystals They 
resemble hcmin crystals 

Bacteria — In health, bacteria — mostly dead — constitute about 
one third of the weight of the dried stool In general it appears that 
they are benefiaal, although not necessary to existence Ordinarily it 
IS both difficult and unprofitable to identify them 

Altogether more than fifty different speaes have been isolated 
Some of these are met with only occasionally, some arc so constantly 
present as to be rccognixed as normal inhabitants of the human 
intestine In nursing infants the majority arc gram positive bacilli of 
the Bacillus actdoplnlns g roup, whidi produce acid, but jiq gas T his 
accoWs tor tne normal sour odor of tbe stools ot infants Most of 
these disappear soon after the duld is weaned, and are replaced by 
a vanety of bactena, chiefly gram negati\c bacilli of the colon bacillus 
group, which are the prcdomuiant organisms m adult life A small 
number of the gram positive, aadopbihc bactena generally persists 

For stained preparations the bactena can be obtained comparatively 
free from food remnants by muing a little of the feces with water, allowing 
to settle for a short time, and making smears from the supernatant fluid 
In order to remove fat these films should be fixed by immersion m methyl 
alcohol for five minutes rather than by heat 

When latticlcs of mucus are found in tbe fecal discharge they should 
be washed gently in sterile water, spread on a slide, dned fixed, and stained 
In Asiatic cholera the common bacillus can often be found m immense 
numbers m this way 

In some pathologic conditions the character of the intestinal flora 
changes so that, even in adults, gram staining bactena very greatly 
predominate This change is sometimes staking m cases of cancer of 
the stomach owing to large numbers of Boas Oppler baalli, and is of 
some value in diagnosis A “gram positive stool,” due to predominance 
of coca, IS suggestive of intestinal ulceration 
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gray colonies suggesting the typboid-dyscntexy group are found, pick o5 
a dozen or more, plant slants o£ nutrient agar, or better, Russell's double 
sugar agar, and incubate Next day study the growth on these tubes, deter 
mine motihty, make Gram stains, transfer to diilerential sugar media and, 
if possible, test agglutinability by immune serum (p 662) Tlis will usually 
suSce for idcntihcation Should immune serum not be a\ailable, plant a 
senes of sugar media, dextrose, lactose, saccharose, maltose, mannite, 
xylose, containing bromthymol blue as indicator The cultural characteristics 
of the typhoid*dj-sentery group are gi\en on page 798 

-^S^^easts and Molds — Yeast cells, which show budding and 
form short chains, are often present in normal stools and may be 
very numerous m cases of intestinal fermentation Sarcinae may be 
present under normal conditions Molds arc rate and are usually a 
contammation from unclean vessels or the air The spores of molds as 
well as 5 east may be mistalen for the cysts ol intestinal protozoa 

In some cases of tropical sprue Montlta pstJosts, a fimgtis related 
to the thrush fungus, has been isolated from the feces as well as from 
the lesions on the tongue It is occasionally found in the stools of 
healthy persons Ashford reported that sprue is an mieebon nith 
ilotttlia pstJosts upon a state of nutntional unbalance — chronic diges- 
tive incompetence — but the specihaty of this organism as an etiologic 
factor has never been established The organism is best found by 
making a senes of streaks on Petn dishes of Sabouraud s glucose 
(p 768) It forms raised, sharply outlined, shmy, creamy white 
colonies which are most characienstic after several days’ growth* 
Another culture medium found very useful in isolatmg this and 
similar organisms is the tartanc aad medium desenbed on page 76S 

A microscopic structure which is frequently found m fecesfL^d 
the nature and sigmhcaoce-of which havemot been fully detennined 
has been desenbed under the name Blastoc^slts /umtnts It appears 
to belong to the yeasts or molds Lynch* has found it m the feces of 
more than 40 per cent of hospital patients in Charleston, S C It is 
a colorless, round, sometimes oval body, 5 to 15 in diameter, or, 
when actively growmg, even 25 jtj and superfiaally resembles the 
cysts of some of the mtestinaJ protozoa It consists of a large central 
dear body surrounded by a narrow nm of cytoplasm containing a 

> For details legarding iifo?>U>a fstlosu wd sprae se« AsUoid, B K. The Euatogy 
of Sprue, Jour Med Sa 157-176 (Aug) 1917 Ashford B K. and Hemindes, 

L G Blrtod seniia Calaum la Sprue and Other Paiholofic States ta the Trop cs, An- 
Jour Med So, 77/ 575-591 (Apr), 1926 

' Lynch R. M BLulo^tis bommis Its Charactensucs and Its Prevalence i£ 
Lctesurud Content and Feces m South Jqu; BactenaL, 2^69-377 Guly), 1^^' 
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number of refractile spots or nudei The whole is surroimded by a 
dehca^capsule (Tig 209) 

......dfAnimal Parasites and Ova — Descnptions v-tII be found m 

the following chapter Only general cansiderations and methods of 
examination will be given at this place Frequent use of the eyepiece 
micrometer is essential, smce sim is always an important consideration 
m the identification of parasites and ova 

Of all the prQt 02 oa which inhabit the bowel of the human being, 
only two, Eitdamocba fnstolyttca and Balanfultum coli are sufficiently 
harmful to warrant serious clinical consideration Sfany authonties 
bebeve the better known mtestinal flagellates, Gtardm, CJithimshx, 
and Tmliomouas, to be entirely harmless There is, however, dmiol 
evidence to indicate that they may cause mild chronic diarrhea or at 
least aggravate an already existing inflammatory condition They are 
rare m carnivorous ammals, and Hegner therefore suggests a meat 


r 
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Fig 209-^SlixslocysM hcnunu & p«culiir stnicture rekted to tlie yeasts found to the 
feces slatned (X 1000) (after Lynch) 


diet m the treatment of mfection in man He reports excellent results 
in a number of cases 

When protozoa are sought the feces should be obtamed without 
admixture of unne or water Unne might kiU dehcate organisms, 
water might introduce contammations In formed stools most pro 
tozoa appear m the encysted form, while the actively motile stages 
which are more easily recognized by the untrained worker, are ordi 
Daxiiy found only in hqwd stools For this reason it is advisable to 
give a salme caUiartic, and to examme the first liquid stool Castor 
oil is not satisfactory because the microscopic droplets of oil are con 
fusing Some experienced protozoologists prefer to make the diagnosis 
from the cjsts, and advise against the use of a cathartic Excepting 
when endamebae are m question it is not necessary to keep the stool 
warm, but it should not be oioled below room temperature Exam 
mation should be made as soon as possible, preferably withm a half 
hour, smce parasitic protozoa in the vegetative or motile stage soon 
die and disintegrate They do not eni^t after leaving the body Cysts 
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number of rcfractilc spots or nudei The whole is surrounded by a 
dclica^capsule (Fig 209) 

Parasites and Oia. — Descriptions mil be found in 
the following chapter Onl> general considerations and methods of 
examination will be gi\en at this place Frequent use of the eyepiece 
micrometer is essential, since size is always an important consideration 
m the identification of pansites and o\a 

Of all the protozoa which inhabit the bowel of the human bemg, 
only two, Lndamoeha hutol'^ttca and Balantiduim colt, arc sufEaently 
harmful to warrant senous dmtcal mnsidcration Slanj authonties 
believe the better known intestinal flagellates, Gtardui, Chtlomaslix, 
and Trichonwnas, to be entirely harmless Tiiere is however, clinical 
evidence to indicate that they maj cause mild chrome diarrhea or^t 
least aggravate an already existing inflammatory condition The> are 
rare in camuorous animals, and Ilegncr therefore suggests a meat 
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Fig 209 —Slai(aey:(» /amintt a peoilar stnicture relateif (o the yeasts found ta the 
(«es sUmed (X lOOO) (after Lynch) 

diet m the treatment of infection in man He reports excellent results 
in a number of cases 

\\Ticn protozoa arc sought the feces should be obtained without 
admixture of urme or w’ater Unne might kill delicate organisms, 
water might introduce contaminations In formed stools most pro 
tozoa appear m the emysted form, while the actively motile stages 
which are more easily recognized by the untrained worker, are ardx 
nanly found only in liquid stools For this reason it is advisable to 
give a safine cathartic, ancf to examine the iTrst hquirf stoof Castor 
oil IS not satisfactory because the microscopic droplets of oil are oan 
fusing Some experienced protozoologists prefer to make the diagnosis 
from the cysts, and advise against the use of a cathartic Excepting 
when endamebae are m question it is not necessary to keep the stool 
warm, but it should not be cooled below room temperature Exam 
ination should be made as soon as possible, preferably within a half 
hour, smee parasitic protozoa m the vegetative or motile stage soon 
die and disintegrate They do not encyst after leaving the body Cysts 
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passed with the feces, on the other hand, remain unchanged for 
many days 

Not infrequently free living protozoa are found multiplying fn4he 
feces (coprozoic protozoa) This may r«ult from contamination after 
the feces are passed, or the protozoa may have been swallowed In the 
encysted stage with the fo^ Among these are free living amebae, 
which can generally be distmguished from the parasitic spiecies by the 
presence of a contractile vacuole and by the continuance of motility 
for many hours after the stool has cooled The most important 
coprozoic flagellates are Cercomonas and Bodo (p 528), which were at 
one time regarded as parasites 

Methods for Protozoa. — While the finding of flagellates m feces 
IS generally simple, their accurate identification is difficult Kluch depends 
on the number and position of the flagella but these ace difficult to study 
in the hving specimen It may be impossible to see them at all until the 
parasite becomes less active as a result of exposure Sometimes two or 
more flagella adhere together, with only the tips free, and thus appear as 
one To bring them out more clearly Stitt recommended mmng a drop of 
Gram’s iodine solution with the feces on the slide or, better, use of a dark 
ground condenser 

At times especially m (onned stools, no active fonns ate present and 
only the cysts can be found These may be very confusing to the tne-rpen 
enced Superficially they resemble yeasts or the spores of molds To aid 
m their detection and difTerentiation Kofoid strongly recommends a modi 
fication of the lodme eosm method ongmated by Donaldson 

Eos n saturated solution io pbysioloittc sakne 2 C.C. 

lodiar soluuon (phi^Iolog c saluK 100 cc. poUssium iodide, 5 Gm., 

iodine to satuntion) i “ 

Physiolog c salute 2 “ 

Break up a parUclc of the feces m a drop of physiologic 'laltne on a slide 
place near it a drop ol the loduie-eosm solution and apply a single large 
cover glass over both drops Unstamed portions can then be compared with 
portions showing various degrees of stainmg In stamed areas the fecal 
particle®, bacteria, and most >easta are pmk while protozoal cysts gradually 
take on a yellow to brown color and stand out distmctly, and their nuclei 

hecocew. toftte cl^azly dAfio/td T3 AjataKU? TCa'naffiAudftd iha-t 9. aatursAed 

solution of iodine be made up in a standardized 1 per cent solution of potas- 
sium iodide This solution contains 0 S24S Gm of iodine per 100 c c and 
does not stain as darkly as a stronger solution of iodine made with a 5 per 
cent solution of potassium iodide After adding I S Gm of powdered iodine 
to 100 c c. of a 1 per cent solution of iodide, the solution should be allowed 
I D Aatoni J S Standardisation of thr Tod ne Stam for Wet FreparaLons of Intes- 
I nal Protoms. Amer Jour Trop Med 17 751-64 (Jan), 1937 
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to Stand four days and then filtered. It should be kept in a tightly stoppered 
bottle and should be discarded after four rveeks of use. Vegetative forms of 
amebae may be readily recognized. They should be searched for first with 
the Ifi-mm. objective. When located, they are then studied with the 4-min. 
objective. For a description of their appearance, see Chapter VII, pages 
499-507. A mechanical stage should be used, and the entire area under the 
cover glass (usually 22 by 22 mm ) should be studied. Wagath^ has made 
a very interesting computation of the probabilities of findhig a protozoon 
by this method His calculations are printed m the following table. 

PjtaBABtmTES or Fivdisq a Pbotozoot ix a Specimen op Stool 


Coocestnuon In ttoni, I Prabnbility nl findinc > pretstocn in tbe field ennuned,* 

ocpBisnuper I fieidn tutnined (21 b; 21 asm.) 



•Tie calculatioQS are based on the assumplton that a single complete field contains 
20 mg of lie specimen and that this is a nmdom sample of the stool m which the organ- 
isms are mixed at random 1/ four fields are examined and no oigamsm is found, there is 
“practical certamty" that there are fewer than fifty organisms per gram m the stool, « 
fewer than 2 5 organisms in 20 mg of preparation. Similarly, if two fields are examined 
and no organisms found, it Is “certain” that there are less than 100 organisms per gram, 
and so forth. 

If two cover-ghss preparations of the she specified are each examined 
for only five minules, and if the slide is moved so that the entire area is 
examined, the probabihties are that, given properly selected material, an 
experienced person will find protozoa m a large majority of cases, if they 
are present. 

For detection of Giardia, CMomaslix, and Trichomonas, when they 
cannot be found in the ordinary nucroscopic examination, Hegner recom- 
mends cultures in Hogue’s ovomucoid medium. This is prepared by shaking 

’ Magath T B : The l.aboratory Dugno^ of Amebiasis, Clinical Lecture at Oevt- 
bad. Jour Am. lied Assn., Jas.l2l8-l2U (Oct. 20}. 1944. 
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the whites of sk eggs m a flash with glass beads, adding 600 c c of 0 7 
per cent sodium chlonde solution, beating over a water batJi with stirring 
for from twenty to thirty minutes, and filtering through cotton ith suction 
Tlie medium is then tubed and sterilized in an autoclave A bit of feces 
about the size of a small pea is placed m a tube of this medium and incu 
bated at 37* C Fbgellates m the motile stage should appear m from 
twenty four to forty eight hours 

For detailed study of flagellates and endamebae protozoologists now 
generally depend on stained preparations Gienisa’s stain may be used as 
described on page 642, or, better, one of the iron hematotjlm methods, of 
which the following is one of the simplest 

Heidenham’s Iron-Hematoiylin Stain — ^Tliis stain is by far the best 
devised to bring out nuclear structures It has been modifi^ so that it is 
possible to complete the procedure m one day 

Reagents Rtqntred — (a) Heidenhain's hematoiylm Dissolve 0^ Gm 
hematoxylin in 10 c c of alcohol, and add 90 c c of distilled water Allow 
this mixture to "ripen ' several weeks before using it 

(i) Sebaudum’s solution Make a saturated solution of bichloride of 
mercury Take 2 parts of this solution and add 1 part of 95 per cent alcohol 

(c) Glacial acetic acid 

(d) Tmeture of iodine 

(e) Alcohol solutions Make up solutions containing 50 per cent alcohol, 
70 per cent alcohol, and 95 per cent alcohol 

(f) Iron alum mordant Make a 2 per cent solution of feme ammonium 
sulfate 

(l) Solution of ammonium h>droxide 

(k) Acetone A minute amount of eosm or malachite green may be 
added to a portion of acetone if a counterstain is desired 

(t) Xylol 

(;} Canada balsam 

Method — 1 Make a fixing solution by adding 2 cc. of glacial acetic 
acid (c) to 50 c c of Sdiaudinn’s solution (fc) 

2 Spread the fcccs eicnly on imcroscopic sLdes with a wooden appli 
cator, and place the slides in the fi-xmg solution for thirty minutes Use 
Copbn staining jars 

3 Uash in tap water for thirty minutes Add a few drops of tincture 
of iodine (d) and rinse in tap water 

4 Dehydrate by placing the slides m stainuig jars which contain 
50 per cent alcohol (e), for five nimutes Transfer to 70 per cent alcohol 
for ten minutes, or longer Transfer to 9o per cent alcohol for five mmutes 
then transfer back to 70 per cent alcohol for five minutes, and finally place 
m 50 per cent alcohol for fii e minutes 

5 Wash m 4 or 5 changes of tap water 

6 Place m 2 per cent iron alum mordant (/) for from thirty mmutes to 
two hours 
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7 Wash in several changes of \pater, the last washing being m distilled 
water 

8 Place in hematotylin solution (o) for fifteen minutes, or longer 

9 Wash in tap water sewral times, and decolorize m iron alum solution 
(0 for about two or three minutes, and then examine the slide with a zmcri>- 
scope This part of the technic is most important and must be learned by 
experience Keep the slides continually moist with the iron alum solution, 
and watch carefully for the app^rance of the optimum amount of de 
colonzation 

10 Wash m tap water, to whidi has been added 2 or 3 drops of am 
monia (g) 

11 Dehjdrate m SO per cent alcohol (e) for five minutes, then transfer 
to 70 per cent alcohol for fi\’e minutes, then place m 95 per cent alcohol for 
file minutes, and finally place m acetone (A) for five to ten minutes 

12 If a counteistain is desired, place the slides m another acetone 
solution, to which has been added a mmute amount of eosm or malachite 
green and allow them to remain for thirty seconds 

13 Clear in xylol (t) for one or two minutes 

14 Mount immediately with Canada balsam 0) and long cover glasses 
before the slides dry 

Nearly all of the mtestmal worms deposit ova which are char 
actenstic of the speaes and which, if abundant, can be found without 
difficulty by direct microscopic examination Ova of Slrontylotdes 
ordinardy hatch m the intestine and on]> the Janae appear in the 
feces Ova of Taenta saguiata for the most part pass out while still 
enclosed within the segments of the worm, but a variable number 
from disintegrated segments can usually be found m the feces 0\a, 
which are likely to be encoimtered in this country, are shown m 

Plate Xn 

The error of mistakmg vegetable cells for the eggs of parasites is 
needlessly frequent when one can so easily famihanze oneself with 
the appearance of vegetable cells by study of feces of persons on a 
mixed diet When there seems room for doubt, the structure m ques 
tionisprobaWy not an oiuan 0>a of a gi\en^?erjes are fairly uniform 
m size and nearly always typical m appearance, hence measurement 
and comparison with the platra should make identification easy Onlj 
very rarely need there be any real difficulty , as in the case of a very 
atypical unfertilized egg of the common round norm (Fig 234) 

CcincentradoB of Ova- — To find ova when scarce they must be con 
centrated Hookworm ova are easily demonstrated vntb Pepper’s method 
which is described on page 571 Vanous methods have been used to demon 
strate other ova and protozoan Q'sts In some of these methods the spea 
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men is washed repeatedly with water, is allowed to settle between washings, 
and the final sediment is examined with the microscope Some workers use 
solutions, such as bnne, which have a high specific gravity, to float the ova 
to the surface, from which they ore skimmed and placed on a slide The 
simplest and most effective method is the one which has been dewinbed 
be De Rivas ‘ 

De Rivas’ Conceatration Method — Place 1 Gm of feces in a medium 
sue test lube Add 5 c c, of 5 per cent acetic acid solution If necessary 
break, up the material with a wooden applicator or place a few glass beacis 
m the tube Close the tube mth a rubber stopper and shake the muiture 
forably for half a mmute Let the mixture stand for half a minute The 
coarse particles will rapidly sink to the bottom Remove the supernatant 
homogeneous suspension with a pipet, or filter it off through a double layer 
of gauze into a centrifuge lube Add an equal portion of ether Stopper 
the tube and shake the mixture forcibly for a few seconds Centnfugalizc 
the mixture for a few minutes There will be formed four distinct lajers 
The ethereal extract at the top may be removed and used for testing for 
occult blood (see p 475) Below the ether will be a detritus plug, composed 
of layers of bile, soaps, and protein matter Underneath this nill lie the 
acetic acid solution, and m the tip of the tube will be found a very small 
amount of sediment Collect this sediment m a capillary pipet, place it on 
a microscope slide, cover ivith a cover glass, and examme ivith a miaoscope 
for ova, c>’sts of protozoa, and oil organized and formed bodies 

Faust aud Toble Caaceatratloa Method •'—Faust, l^’Atitoni, Odom, 
Miller, Peres, Sawiiz, Tboraen, Tobie, and Walker* made a critical study of 
various technics for the diagnosis of protozoan cysts and helminth eggs in 
feces They found that the largest number of cysts were recognized by using 
a direct fecal film stained with iodine or fixed and stained with iron hematox- 
ylin combined nilh the zinc sulfate centrifugal flotation method performed 
as follows Take a small lump of feces, about 5 Gm , and dilute it five limes 
by mixing it thoroughly with about 20 cc of warm water Strain 10 cc. 
of the mixture through one layer of wet cheese cloth m a small funnel into 
a small test tube Centrifuge the tube forty five to sixty seconds at top 
speed Pour off the wash water and add more water , break up the sediment 
and wash rapidly in this manner three or four times more until the super 
natant fluid is clear after short, rapid centnfugation Pour off the last wash 
water and add 3 to 4 c c of a 33 per cent solution of zinc sulfate (specific 
gravity 1 IhO) Break up the jacked sediment and add the solution of zinc 
sulfate to witiun i mch of the run of the test lube Centrifuge for forty fiv'C 

'De Rivas, Pasiaso As EOlnent nnd Rapid Method of Conrentration for the 
Detection of Ova and Cysts of Inteslnsl Parasiies, Am. Jour Trop Med. 8 6J-7I 
(Jan.) 1928 

• raiisu E C , D’ Antoni I S., Odom, Vada MiUer, M J , Perea, Charles Sawifa, 
WiUi, Thomr n, L F , Tobie, John and Watker J if A Cntira! Study of rhmeal Labors 
(ory Technics for the d aznosis of Protozoan Cysts and Helminth Egp m Feces. Amer 
Jour Tiup- Med, 18 169-183 (Mar ), 1938 
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to sjity seconds at top speed Remove sev«al loopfuls of the matenal floatmg 
on the surface and place on a clean slide Add one drop of iodine solution 
(D’Antoni’s stain, p 488) Cover the material with a cover glass 

IV. FUNCTIONAL TESTS 

I. Schmidt's Test Diet. — Afuch can be learned of the vanous 
digestive functions from a microscopic study of the feces, espeaally 
when the patient is upon a known diet For this purpose the standard 
diet of Schmidt is generally adopted This consists of 

Morning 0 5 Lter milk and SO Cm. toast 

Forenoon 0-S liter pomdge, made follows 40 Gen. oatmesl 10 Gm butter 
200 cc milk SOOcc water one egg and salt to taste 
ilidday 125 Gm hamburger steak with 20 Gm butter fned so that the infenor 

IS quite rare 2a0 Gm potato made by cooking 190 Gm potato with 
100 cc milk and 10 Gm butter the whole bailed down to 2)0 ce 
Afternoon Same as mom ng 

Evening Same as forenoon 

At the begmnuig of the diet the stool should be marked off with 
cartnme or charcoal (p 475) One should famihanze himself with the 
feces of normal persons upon this diet A portion of the stool about 
the size of a walnut should be rubbed up with water to a consistency 
of thick soup, and examined macroscopically and microscopically 
The microscopic examination may be facihtated by preparmg four 
slides One of the diluted feces untreated, one treated with a drop of 
dilute Lugol's solution, one with 30 per cent acetic acid, one with 
Sudan HI 

DeSciency of starch digestion is recognized by the number of 
starch granules which strike a blue color with iodine With exception 
of those mciosed in plant cells none is present normally 

The degree of protein digestion is ascertained by the appearance 
of the muscle fibers Stnations are clearly visible on any considerable 
number of the fibers only when digestion is imperfect (Fig 207) 
They are most clearly seen m the awtic acid preparation The stna- 
tions usually disappear after the feces have stood for some time 
According to Schmidt, the presence of nuclei m muscle fibers denotes 
complete absence of pancreatic function The presence of connective 
tissue shreds is generally believed to indicate deficient gastnc diges 
tion, since it has been accepted that raw connective tissue is digested 
only in the stomach Recent work of J Buckstem, however, indicates 
that It may, to some extent at least, be digested in the small intestine 
These shreds can be recognized macroscopically by examining m a 
thm layer agamst a black background, and microscopically by their 
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fibrous structure and the fact that they swell up and become clear 
and gelatinous uhen treated with acetic acid The only structure 
likely to cause confusion is clastic tissue, and this is rendered more 
distinct by acetic acid 

Digestion of fats is -checked up by the amount of neutral fat, 
which should not be present in appreciable quantity normally It is 
best seen after staimng with sudan III 

Schmidt’s nuclei test for pancreatic msufficiency consists in the 
admimstration of a 0 5 Gm cube of beef or, better, of thymus tied 
in a httle gauze bag with the test mea! The meat must previously 
have been hardened in alcohol and well washed in water When the 
bag appears m the feces it is opened and its contents exammed micro 
scopically by pressing out small bits between a slide and cover A 
drop of some nuclear stain may be apphed if desired If the nuclei 
are for the most part undigested, pancreatic msufliacncy maj be 
assumed, since it is probable that nuclei can be digested only by the 
pancreatic juice Normally the nuclei arc digested provided the time 
of passage through the intestine is not Jess than eight or ten hours 
Upon the other hand, if the time of passage exceeds thirty hours, 
nuclei may be partially digested in the complete absence of pancreatic 
juice 

2 Motility —Ordinarily, inth adults who are upon a muted 
diet twenty to thirt> six hours are required for the passage of mgested 
material through the gastro intestinal tract There is considerable 
variation among individuals, and usually not all of the residue from 
a single meal is evacuated at the same time With infants the time 
IS about one third as long In diarrheal conditions it is usually much 
shortened In intestinal stasis it may be much prolonged The time 
of passage is ascertamed by giving 0 5 Gm of powdered charcoal or 
0 3 Gm of carmme m a capsule with a meal and watching for the 
resulting discolored feces Alvarez and rnedlander gave a capsule 
containing fifty colored beads about 2 mm m diameter On the 
average about IS per cent of the beads were recovered by the end 
of the first day, 40 per cent on the second, and IS per cent on the 
third, while the others remained four or five days or e\en a week 
This method has been criticized, on the ground that heads may he 
delajed by lodging in the stomadi or m some pocket of the colon 
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0\awhiclinia> be found in the feces slK>wingcotnparati\csi2e(phol<^aphs X 250), 
1 Trichiiris Iriclitiira (jthip worm) 2, Ascaru iuwfiriciw<fei (round worm), fertiliaed, 3, 
Ascurts lumbruoijfs, unfertilized, 4, AetoJjfr ammeanus (hoolwinn), four-cell stage, 5, 
£)i^ero6iHj vermicularu HytnetmUpa khm (dwarf tapeworm), 7, DiphvHo- 

lolhritim lalKiri^riah tapeworm) thced^of the bd being out of focus, 8, Tania saginala 
(beef tapeworm), 9, Tania (porL tapewonn) lymg beside a striated muscle-fiber, 

10, Schislosenia mansoni (blood fluke) 
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ANIMAL PARASITES 

Animal parasites are common in all countries, but are espeaall} 
abundant in tropical and subtropical countries, where, m some local 
ities, almost ever> native is host for one or more •speaes Because 
of our gronang mtercourse with these regions and because of our 
rapidly growmg knowledge of parasitologj , the subject is assuming 
mcreasing importance in this country Many parasites hitherto com 
paratively unknown here, will probably become fairly common 

Some parasites produce no s3rmptoms even when present m large 
numbers Others cause n ery senous symptoms It is, however, impos 
sible to make a sharp distmction between pathogemc and non 
pathogemc speaes Parasites which cause no apparent lU effects m 
one individual may, under certain conditions, produce marked dis 
turbances m another The disturbances are so varied, and frequently 
so indefinite, that diagnosis can rarely be made from the clmical 
symptoms It must rest on detection, by the naked eye, the micro- 
scope, or other means of (a) the parasites themselves, (6) their ova or 
larvae, or (c) in a few cases, certain phenomena which depend on the 
reaction of the body tissues to the parasite, as complement fixation m 
echinococcus disease 

Unlike bacteria, the great majority of animal parasites multiply 
by means of alternating and differently formed generations, which 
require widely different conditions for their dev elopment The excep- 
tions are chiefly among the protozoa Multiplication of parasites 
withm the same host is thus prevented, as well as direct transmission 
from man to man In the case of the bookworm for example, there is 
no maease m the number of worms m the host’s mtestme except 
through reinfection from the outside The ova are carneef out of the 
mtestme and the young must pass a certam penod of development m 
warm, moist earth before they ran agam enter the human body and 
grow to matuntj This also ei^lams the geographic distnbution of 
parasites The hookworm cannot flourish m cold countries, malana 
can prevail only m localities m which the mosqmto, Anopheles, exists 
and then only after the mosquitoes have become mfected from a 
human bemg 
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In general, this alternation of periods of dc\elopraent takes place 
m one of three w-aj’s 

1 The joung remain ^athin the onginal host, but travel to other 
organs, where they do not reach maturity, but he quiescent until 
taken in b) a neu host A good example is Trtchtnclla spirahs 

2 The jornig or the o\a which subsequently hatch pass out of 
the host, and either (a) go tluough a simple process of growth and 
development before entenng another host, as is the case with the 
hookworm, or (ft) pass through one or more free living generations, 
the progeny of which infect new hosts, as is the case with Strongyhides 
slcrcorahs 

3 The young or ova or certain specialized forms either directly 
(malarial parasites) or indirectly (tapeworms) reach a second host of 
different species, where a widely different process of development 
occurs The host in which the adult or sexual existence is passed is 
called the depHth^e or final host, that in which the mtcrracdiate or 
larval stage occurs, the tntfrmtdtale host >5an, for example, is the 
definitive host for Taema sagtnata, and the intermediate host for the 
malana! parasites and Toemc echtnococctfs 

In the case of certain worms m which true alternation of genera 
tions IS lacking, the ova pass out of the host and undergo a process 
of maturation before they become mfcctive Eggs of Ascarts lum 
brtcoides, for example, are incapable of hatching for a month after 
they have left the host 

At this place a few words concerning the classification and nomen 
dalurc of living organisms m ^ncral will be helpful Individuals 
which are alike tn all essential respects are classed together as a species 
Closely related species are grouped together to form a genus, genera 
that have certain characlenstics m common make up a family, families 
arc grouped into orders, orders, into classes, and dasscs, finally, into 
the branches or phyla, which make up the animal and vegetable 
kingdoms In some cases these groups are subdivided into inter 
mediate groups — subclasses, subfamilies, and occasionally slight dif 
fcrcnccs warrant subdivision of the speaes into vaneties The name of 
the familj ends m -idae, and that of a subfamily in -tnae 

The sacfittfic name of an animaf or pftint consists of two parts, 
both Latin or latinized words, and is pnntcd in italics The first 
part IS the name of the genus and begins with a capital letter, the 
second is the name of the species and begins with a lower case letter, 
even when it was onginally a proper name WTien there are vaneties 
of a speaes, a third part, the designation of the vanety, is appended 
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The author of the name is sometimes indicated in Roman t>’pe im 
mediatcl> after the name of the spcacs EjampJes Borreha TvicenU, 
often abbrenated to B Tincenh when the genus name has been used 
just pre\nousI> , Staphylococcus pyogenes albiis, iVecc/or amertcanus 
Stiles 

The number of parasites \ihich have been described as occurring 
m man and the animals is extremely large Onlj those ivfaich are 
of medical interest arc mentioned here Some Uiowledge of their 
morphology , life histones, and means of dissemination, as ivell as the 
methods of diagnosis, is indispensable for the present day physician 
They belong to four phyla — ^Protozoa, Platy hclmmthes, Nemathel 
mmthes, and Arthropoda 

PHYLUM PROTOZOA 

These are unicellular organisms the simplest ty-pes of animal life 
There is very httic difTercntiation of structure Fach contains at 
least one and some sc\cral, nuclei Some contain contractile vac 
uoles, some ha\e cilia or flagella as special organs of locomotion 
Tbci reproduce by diusion, by buddmg or by sporulation Some 
times there is an alternation of generations, in one of which sexual 
processes appear, as is the case with the malanal parasites The 
protozoa are very numerous the dass Sarcodina alone mduding no 
less than 5000 species Most of the protozoa arc microscopic m size, 
a few arc barely >nsible to the naked cy e The beginning student can 
gam a general idea of their appearance by examining water (together 
with a little of the sediment) from the bottom of any pond Such 
water usually contains amebae and ojnsiderable variety of ciliated 
and flagellated forms 

The following is an outline of those protozoa v,hich are of medical 
interest together vntli the classes and subclasses to which they belong 


PHYLUM PROTOZOA 


Class I SARCODIHA — Locomotjon by means of pscudopodia 


Subclass tihlzopodi — Pspudopod a lonn lobose or rrurulose processes 


Gen a 
Endamoeba 

D entamoeba 
Endol max 
lodamoeba 


5/eeiM 
£ i st^ytua 
E eelt. 

B [ ngtraJu 
D frattiii 
B nawx 
I wtliumt 
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CtASS n MASTIGOPHORA (FLAGELLATA)-— I/Ocomotioa by means of flagella 
SoBCLASS ZoomasUgophora — ^Torms la which animal charactenstics predominate 


Cmus 

SpeCtes 

Borrelia (Classified by some parssi 

B recufTfnIts 

tologists among the trepoaemata) 

B vtncenti 

B refnngens 

B irmchale 

Leptospira 

L, iclerohiumorrhaeiae 
C tciercules 

Treponema 

T falliduM 

T micesum 

T tnicredfnifum. 

T pcrlenuts 

Trypanosoma 

T ganbteftfe 

T rfaJuietMt 

T cr«t 

T levnsu 

Leishmanis 

L. donotam 

L Iropica 

L infant m 

Tnehomonas 

T haminis 

T toginaJu 

T bMealtt 

ChilooastLr 

C Pi$snili 

Giardia 

C hntifia 


Class m SPOROZOA —All members paresiuc. Propagation by means of spores 
No speoal organs of tocomoUoB 

SoBCLASS Telospondia.— Sporulation ends the hfe of the jndt\ndual 
Ctftus Sfeetct 

Isospora I itnir 

Plasmodium P mcax 

P malanae 
P falctfarum 

Babesia B himtutm 

Class IV INFUSORIA — Lommotran by means of alia 
S^mctAss Ciliata — Cilia present throughout hfe 

Gnus 5peei« 

Balantid um B toh 

B nanuium 

CLASS SARCODINA 
Subclass Rrizopoda 

These are protozoa the body substance of which forms changeable 
protoplasmic processes, or pse^opodta, for the taking m of food and 
for locomotion They possess one or several nuclei Their usual habitat 
in the body is the mouth and the intestine, although they are occa 
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sionally fouad in other situations OaJy one spenes, Endamoeha 
hslolyltca, is definitely known to be pathogenic, but some degree of 
familiarity with a number of others is necessary in order to avoid 
confusion 

1. Cenus Endamoeba, — (1) Endamoeba histolytica — ^llus or 
ganism is found, often in large numbers, in the stools of tropical 
dysentery, and in the pus and walls of hepatic abscesses assoaated 
with dysentery It has also been found on occasions m duodenal 
contents, sputum, semmal fluid, unne, synovial flmd, and elsewhere 
Infection is more common m this country than was at one time 
supposed, and is not at all rare in the Northern States where it gen 
erally produces mild chronic dysentery, or, in slight mfections, no 
definite symptoms at all Records of The Mayo Climc show cases 
frgm all of the Northern States, and from several provinces of Canada 
Surveys made at the trammg camps durmg the World War mdicate 
about 10 per cent of infection among the general population 

Like most of the intestmal protozoa, E histolytica is found in the 
feces m two phases of its life history, its vegetative and encysted 
stages 

In the vegetative stage, which is foimd in acute dysentery, and 
also in quiescent cases when a liquid stool is obtained by ca^arsis, 
the parasite is a grayish or colorless, granular, motile cell, usually 
between 20 and 40 p m diameter There appear to be several races 
which differ only in size Withm a given race the sue of mdmduals 
IS fairly uniform, so that, m any particular sample of feces, the range 
in sue IS much less than is indicated by the above figures The ecto 
plasm, seen most dearly as a broad zone at the ends of the pseudo- 
podia, is homogeneous and refractile The endoplasm is very granular 
and contams one small round very mdistinct nucleus, and usually one 
or more digestive vacuoles with red blood corpusdes when blood is 
present m the stool The presence of mgested red blood corpusdes 
is an extremely valuable diagnostic pomt since these are seldom 
taken m by the nonpathogenic endamebae Fragments of leukocj'tes 
and other cells may also be present There is no contractile vacuole, 
a fact which serves to distmguisb this and the other forms which 
inhabit the intestme of man from the free living amebae which occa 
sionally reach the feces as contanunations 

III cases of bacillary dysentery, certain large, phagocytic and 
vacuolated body cells (macrophage p 483) might be mistaken for 
endamebae Some of these even contam red corpusdes In general, 
however, they lack the gla^ luster which E histolytica shows 
Moreover, the nudei of body cells are much larger and more distmct 



ANIMAi PAliASITES 


500 


For a short time after it leaves the body, particularly if kept at 
body temperature, the endameba exhibits the stnking and charac 
tenstic ameboid motion, constantly changing its shape, or actively 
moving about by means of distinct jweudopodia This motion should 
alvfays be seen to establish the identity of the parasite in its vege 
tative stage Even experienced protozoologists find it difficult or 
impossible to identify quiescent or dead individuals with certainty 
E hslolylica is the most active of those found m human feces When 
examined on a narm stage, immediately after leaving the body, it is 
seen to move about on the sbde with striking rapidity, usually in a 
straight line, as if it had a defimte objective This motion is com 
pared by DobeE and 0 Connor to that of “a slug going at express 
speed ” Gradually it becomes less active, and no longer moves from 
place to place, but continues to change its shape by sending out 
pseudopodia from different parts of its surface with characteristic 
suddenness Alter a time the parasite loses its movement entirely, 
assumes a spherical form, and dies When motion is once lost it 
cannot be reestablished by warming 

To sununanae The two most important characteristics for the 
identification of E histolytica m its vegetative stage are its active 
motility in fresh feces and the presence of ingested red blood cor 
puscles 

When the presence of endamebae is suspected the stool should be 
passed mto a warm vessel, and kept warm until and during the exam 
mation but special precautions m this regard are not necessary if the 
material be examined within twenty to thirty ramutes An elec 
trically heated and automatically regulated warm stage is most satis 
factory but a useful warm stage can be improvised from a plate of 
copper with a hole cut m the center Tins is placed upon the stage 
of the microscope, and one of the projecting ends is heated with a 
small flame Endamebae are roost hkely to be found in grayish or 
blood streaked particles of mucus 

In chrome infections without diarrhea, and in “earners,” the 
motile form can usuaUy be found only after a cathartic which sweeps 
the parasites out of the intestine before they have encysted A saline 
cathartic is usually used The first hquid stool is the most favorable, 
later ones being too dilute At least four examinations on different 
days, should be made before a case is pronounced negative 

If a loopful of feces be mixed with a drop of 1 10 000 solution of 
neutral ted m salt solution, the dye wdl be taken up by the end 
amebae, and will render them conspicuous without killing them 
(“vital staining”) The dye is also tak^ up by certain fllageEates 
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In clinical diagnosis the study of the living and moving parasite 
is prefened to any method of staining. For more detailed study, 
espedally as a means of accurately classifying the different endamebae, 
protozoologists prefer smears stained with iron hematoxylin (p. 490). 
The structure of the nucleus is the principal criterion (Fig. 210, and 
the table on p. 506). 

In “dysentery carriers,” and in chronic cases when the stools are 
formed and hard, most, or all of the parasites become encysted before 
lea'ring the intestine. They first pass throu^ a “prec>’stic” stage in 



Fig. 210. — ^The three common intestiaal amebae stained with iron hemaloiylin to 
show structure of their nuclei as described in the table on page 506. 1, Endamoebo hhtolylica 
with three red blood cells; 2, Endamorba cirfi, and 3, Endetimax nana (X 2000). (After 
Dobell and O'Connor.) 

which they become reduced in size, and very sluggish in motion, and 
lose the enclosed food remnants. In this stage they are practically 
indistinguishable from the corresponding stage of Endamoeba colt; and 
differentiation must depend on vegetative or c>-stic forms which can 
usually be found in the same stool. As enc>’stmcnt proceeds, the para- 
site assumes a spherical form and develops a well-defined wall; the 
nucleus divides into four. 

These cysts should be carefully sought whenever in suspected cases 
the vegetative forms are not found. For this purpose the stool need 



502 


ANmAL PASLASTTES 


not be kept Tvaim. It sboijld be tlnoned -with water or 5 per cent 
fonnalin, and strained through cheesecloth or a siew (Fig. 211) to 
remove coarse particles It is then centrifugalized and the sediment 
washed several times with water or S per cent formahn to remove the 
innumerable bacteria which vrould otherwise cloud the field The cysts 
are found without difficulty with the l6-nim objective, and are then 
studied in detaQ with the 4-mm. objective. They are colorless, refrac* 
tile, spheric bodies, 7 to 15 in diameter, with a clean cut edge; 
and uith the low power look not unlike colorless oil globules When 
fully developed they contain four small nuclei. The nuclei lie at 
different le\’ek and are usually not very distinct, but can generally be 
made out by careful focusing with the 4-mm 
objective and reduced diaphragm opening. 
Young cysts, nnth one or two nuclei, contain 
several highly refractile, colorless granules of 
chromatin (chromidia), and a small amount 
of glycogen. A trace of Lugol’s solution or of 
iodine-eo^ 4^^) added to the fecal 
material oo the slide brings out the structure 
more clearly. 

Cnorstment is a means of resisting un- 
favorable conditions, and of dissemination. 
At this stage alone is the organism infective. 
Boeck found the marimal length of life of 
cysts, in water, to be 153 days, and the 
thermal death point to be C8® C. The cysts 
reach a new host chiefly through the food, 
to which they are carried from the feces 
largely by house flies They also have been 
transmitted undoubtedly by a contaminated 
water supply The danger of “cross connections” in plumbing cannot 
be overemphasized from the standpoint of sanitary engineering 
Patients with active dysentery are of Uttle importance in trans- 
mitting the disease, since the vegetative forms die, u-ithout encyst- 
ment, soon after leaving the host 

Xi) Yittawgjrtnsmi&g^mMtjIilfyacRplriiftTiOTi- 

pathogenic, although some authorities believe that it may occasion- 
ally take on mildly pathogenic properties when local resistance is 
lowered It is found on every continent, and survey’s indicate that 
it is present in the stools of about 20 per cent of all persons While 
it is thus less frequent than Endotimax natia, it has been known for 
a longer time, and has been more thoroughly studied. In general 
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appearance it resembles £. Msiofyfica, but averages somewhat smaller, 
seldom exceeding 25 ^ in diameter It has, moreover, less distinct 
pseudopodia, less sharp differentiation between ectoplasm and endo 
plasm, much less active motion, and a much more distinct nucleus 
Its food vacuoles contain bacteria and miscellaneous particles picked 
up from the feces, but hardly ev'er red blood corpuscles. 

Under appropriate conditions the organism forms c> sts similar to 
those of E histolytica Fully developed <ysts (Fig 212) are IS to 22 n 



Fig 212 — rhoiogniphs of cysts of ro/i Abo\t, two cysts as s«n with oil 

immersion objecti>e and low power eyepiece, one slightly tuiged with iodine, one deeply 
stained with iodine and showing Buciei and double wall {X 525), below, tiro unstained 
CvsUasjwai wUh S~jnza,DbjerU\eja>i)ov,fiCv-tTt;n^cc^ one l,viny besides viyetaWe 
spine, one beside a small calaum oxalate crystal (X 250) 

in diameter, averaging about 18 n They arc colorless and hjghl) 
refractile, with a glassy or, more aomratcly, a porcclain-hkc luster, 
and contain 8 to 16 small nuclei which he at different levels, and are 
•^n only by careful focusing. The cj*st wall is well defined, and 
usually has a double contour. Their circular shape, sharp outline, 
and peculiar luster make the search for these cj'sts with the low 
;x)wer easy. 



S04 


AmUAL PARASITES 


The prmapal pomts of distinction between E hstolytica and 
E coh and Endohmax nana are induded m the table on pages 506 
and 507 

(3) Endamoeba Gingivalis — That endamebae are common m the 
mouth and about the teeth has long been recognized but they have 
generally been regarded as harmless or even as beneficial because 
they feed extensnely upon bacteria There is apparently only one 
species, which has been variously called E buccahs E deniahs, and 
E ^instvahs the last name being now accepted as correct In some 



Tg 213 — Cndameba riii^ralis pua red blood cells spirochetes, aod 

bactena id a smca; fraia a Ics oo of pyorrhea alveolans Ciemsa s steuD without altali 
twelve hours (X SSO) The figure shows three cndsisebae each with one round nucleus 
(red) The cyiuplasni (deep sky blue) cooiaios vacuoles and bactena The largest parasite 
contains ten nuclei (blacbsh purple) from ingested cells A ^gestios vacuole is seen at 
each end ol the long baallus so the eodameba near the bottom The red corpuscles were 
salmon colored nuclei of leukocytes reddisb purple sp rochetes bluish purple. 


parts of the slide from which Fig 213 was made there tvere as many 
as 20 in a single field of the oil immersion lens It is always accom 
pamed by myriads of baclena, often by “spirochetes,’ and sometimes 
by other protozoa, and the rdle which each plays is difficult to 
determine 

Material is obtamed for study by scrapmg between the teeth and 
the gum with a sterile wooden toothpick tVhen pus pockets enst 
the bottom and side of a podeet should be scraped with a dental 
scaler This malenal may be exaoimed m the fresh state by mixing 
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it With a httle saliva and plaang on a wanned slide The organism 
IS less active than E histolytica^ more so than E coh Unless motion 
IS seen it will be difficult to recognize Individuals range m size from 
10 to 35 E gingivalts apparently forms cysts very rarely Those 
which have been seen resembled Q^sts of E histolytica 

In general, these endamebae are more easily identified m stained 
smears The smears are made by streaking the toothpick three or 
four times across the slide Often one of the streaks will contam many 
of the parasites and the others only a few Giemsa's solution, appbed 
as described for blood ^ 255), but allowed to act for three to twelve 
hours, is the most satisfactory stain With this the cytoplasm of 
endamebae is blue, and shows the vacuoles clearly, the small round 
nucleus is red, ingested bactena purple, and nuclei of ingested cells 
deep purple In such preparations it is well nigh impossible to mistake 
pus and epithelial cells for endamebae Wnght’s stain gives a similar 
picture, but the differentiation is somewhat less sharp 

2. Genus Hndohmax — Eudolmax nana is a small endameba 
which 15 sow recognized as a frequent inhabitant 0 / the normal colon 
Kofoid found it m 28 per cent of Amencan soldiers It is 6 to 12 /i 
m diameter, is sluggisUy motile, and never contains red blood cor 
puscles In preparations stamed with iron hematotybn the nucleus 
IS the most characteristic feature (Fig 210, and the table on p 506) 
The cysts are ovoid, about 7 to 9 ui diameter, and usually contam 
one or two very small, faintly visible nuclei, although there are four 
when fully developed 

3. Genus lodamocba — ^fedamocftou’jffioMwresembles very small 
specimens of Endamoeba colt It is about 9 to 13 a m diameter, is 
sluggishly motile, and contains a small indistmct nucleus As a rule, 
It dies very soon after leaving the intestine The cysts were known 
as “iodine cysts” before their nature was recognized They are 
spheric, ovoid, or irregular, 9 to 12 /i in diameter, and contam a 
smgle nucleus and a large, sharply defined mass of glycogen, which 
stains dark brown with lodme Glycogen is usual m the young cysts 
of most endamebae, but the bodies are not so large or so sharpl} 
defined as m this case, and rarely persist m the mature cyst lod 
amoeba is harmless and rare 

4 Genus Dicntamoeba — Dientavtoeba fragdiSt also nonpatho 
genic, IS the smallest of the amebae of the human mtcstine, usuallj 
about 8 in diameter In its wgetativc stage it possesses two \ery 
small nuclei, is activel} motile, and has sharp demarcation between 
ectoplasm and endoplasm It is very rare and degenerates quickly 
after leaving the bod> The cysts hav-e been desenbed by Kofoid 
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Cultivation of Parasitic Endamebae — ^Boeck and Drboblav* developed 
a culture medium on whicli parasitic endamebae may be grown Four 
cgp are broken carefully into a stenie flask contaming beads, and shaken 
with 50 c c of stenie Locke’s solution Cp S'35) Slants are made in sterile 
test tubes and inspissated at 70® C and autoclaved at 15 pounds’ pressure 
for ti\enty minutes The slants are then completely covered with 8 parts 
stenie Lockes solution and 1 part of stenie inactivated human blood 
serum In place of the blood serum, 10 per cent ascitic fluid m Lockes 
solution, or also dilute egg albumen m either Locke s or Ringer s solution 
may be used Dobell suggested adding a 4-mm loopful of rice starch to 
the fluid part of each lube of medium The medium is inoculated with a 
loopful of feces contaming endamebae Multiplication of these orgamsms 
will be found to have taken place m twenty four to forty-eight hours 

Cleveland and Collier* made a comprehensive study of slants of various 
culture media, which ■were covered with diflerent Uquids These mvesti 
gators found that the best slants were those which were made of Difco 
hver mfusion agar The culture medium is prepared by usmg 30 Om of 
Difco liver mfusion agar and 3 Gm of dibasic sodium phosphate (NajHPOO 
per liter of distilled water The medium is slenltzed in test tubes m the 
autocla\e The test tubes are removed from the autoclave and slanted 
Other slants that are almost as satisfactory as these are those which are 
made by dissolving SO Gm of Difco Loefflers dehydrated serum in a liter 
of distilled water at 42® C The medium is first coagubted and then stenlued 
in the autockve After stetdisacion the slants should be co\ered with fresh 
serum saline mixture which is prepared by taking 1 part of stenie horse 
serum and adding 6 parts of stenie OS per cent saline solution A 5 mm 
bopful of stenie rice flour is added to eadi tube Cleveland and Collier also 
found that a 3 per cent solution of Difco hjdrolyied hemoglobin was a \ery 
satisfactory liquid to add to the slants or to use as a liquid culture medium 
This solution IS sterilized m the autoclave and stenie nee flour is added 
subsequently 

Another excellent culture medium is one which has been proposed by 
Tsuchiya * Ten Gm of peptone, 3 Gm of meat extract, and 3 Gm of 
sodium chbride are mixed and sufllaent distilled water is added to make 
1 hter The resultmg solution has a pll of 6 8 to 7 4 This is placed in test 
tubes and sterilized in the autoclave A slaich-chaicoal mature is prepared 
by addmg 2 parts of rice starch to I part of animal charcoal and tnturatbg 
This mixture is sterilized at 180* C for forty five minutes A smaU amount 

* Boeclc, W C and Drbohlav Jaioslav OiltlvatioB of Etviamoila kutotytKa Am. 
Jour Hyg 5 371-407 UuJy7 192S 

'Dobell Cl ?ord and Ladlaw P P Od CaiUvit oa oI EnJofTuela ku^elyiua 
and Some Other EotoM c Amoebae Parautology W 283-318 fSept ) 192C 

* Oeveland L. R aad ColUef Jane Vanoua iBiprovemnvts in the CulUvatioo ot 
Etidamoeba Uulflyitta Am Jour Hyg /^■d06-<5l3 (Nov ) J930 

'Taucblya, H Further Stud e4 on the CofUvaUoD of Endjrnecba kulolytu4 and a 
Compimest fixation Teat for Aiaebiasia, Jour Lab. and CLo Med., IP 495-^1 (Feb-) 
1934. 
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of the slarch-charcoa] js then added to each test tube Tius furnishes carbo- 
hjdrate nutnment and is the most useftd substance for the absorption of 
ammonia and hydrogen sulfide, trhich have a deleterious effect on the ame 
bas Tsuchij'a ad\'Ocated follovnng the method of Hegner, in which the 
liquid stool IS centnfugahzed and thesupematanl fluid is carefully decanted 
The sediment is washed and centnfugalized at ISOO revolutions per minute 
for three minutes The washmg and centnfugaliration should be repeated 
three or four times Two loopfuls of sediment are planted in 8 c c of the 
ncc-charcoal broth Tsuchij-a said that £ hislcl^lica is the only organism 
ahich will grow m this culture medium m forty eight hours 

Craig’s Complement fixation Method — Craig* and others have reported 
a very significant percentage of positu'e results with a complement fixation 
method for the demonstration of spcafic antibodies m the serum of patients 
who ha^e amebiasis The diClcull part of the technic is the preparation of 
the atiiigen One hundred and twenty tubes of cultures of actively growing 
organisms arc required All of the amebas at the junction of the liquid and 
the slant arc withdrawn in a pipet, placed m a suitable centrifuge tube and 
centnfugalized Tlie sediment is extracted with seven and a half volumes 
of absolute alcohol at 37^ C for fifteen days Durmg this time the bottle 
u shaken several times daily Tlie mixture is filtered and extracted through 
fine filter paper The antigenic properties of the extract are determined by 
titrating with Uie serum of a patient who has amebiasis The freedom of 
the extract from hemolytic and anticomplemcntary properties should be 
proved This extract, b^use of poor anugenic properties, must be used 
undiluted Craig used the antihuman hemolytic system and Tsuchiya 
employed a sheep cell system W'hUe this test demonstrates the antigenic 
properties of £ hsM^ltca m the host, and the antibody response, it is not 
suitable for routine clinical diagnosis, except possibly m the hands of an 
expenenced serologist 

CLASS MASTIGOPHORA (FLAGELLATA) 

SnSCIASS ZOOMASTIGOPBORA 

The protozoa of this class are provided with one or several whip 
like appendages with lashing motion, termed flagella, which serve for 
locomotion and, in some cases, for feeding They generally arise from 
the antenor part of the organism Some members of the group also 
possess an undulating membrane — a delicate membranous fold which 
extends the length of the body and somewhat suggests a fin When in 
active motion this gives the impression of a row of aba The flagellata 
do not exhibit ameboid motion, and, in general, mamtam an unchang 
ing oval or spindle shape, and a>iitaiii a single nucleus The cyto 
plasm contains numerous granules and, usually, several vacuoles, one 

1 Ctaig C. r Amebiasis and Ameb e Dysentery, Baltimore Charles C. Thorns^ 
1934 31Spp. 
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or more of which may be contractile Encystment as a means of 
resisting xinfavorable conditions is ommon 

Among the most important of the flagellates are the lanous spiral 
organisms commonly grouped under the name “spirochetes ” Thetr clas- 
sification and nomenclature are in an unsettled state Bergey places them 
with the bacteria, in Order VI, as “protozoon like” organisms (p 809) 
Host of the organisms commonly called spirochetes are now classed with 
either the genus Borrelia, or Treponema as the name Spirochaeta has been 
reserved for a different genus of spiral organisms 

Most of them break, up into minute granules under certain conditions 
each granule being capable of development into a new spirochete In some 
cases at least the granules consutuie the means of dissemination Certain 
spirochetes are transmitted from man to man through the agency of an 
intermediate host, others by direct contact, still others by the airborne 
infective granules 

For the study of the spiral micro-organisms no method is so satisfactory 
as direct obsen-ation of the living parasites by means of dark ground 
illumination (p 5), a method which has been utilized to the fullest extent 
by Noguchi lb stained preparations they lose many of their distinguishing 
characteristics, and even their form may be misleading smee they are 
distorted in the process of spreadmg the smear Most of them stain poarly» 
and are likely to be overlooked in smears stamed by the usual methods for 
bactena All however, ate stainable by the method given for rfe^o«eifO 
pallidum (p 642) 

I. Qenus Borrelia —The bacteriologists have placed the organ 
isms here described in the genus Borrelia, while the parasitologists 
have been inclined to classify them m the genus Treponema It is 
still an unsettled question whether th^ are animal or bactenal para 
sites The mode of the transmission of the organism to man has 
provided an argument for their being protozoa 

(I) Borrelia recurrentis — ^This ' spirochete” was described b> 
Obermeier as the cause of relapsing fever It appears in the arcu 
lating blood durmg the febnle attack, and, unLie the malarial para 
site, lives m the plasma without attacking the ted corpuscles The 
organism is an actively matde spiral^ 15 to 2Q a. tong., with three to 
twehe wide, fairly regular turns It can be seen m fresh unstained 
blood with a high dry lens, being located by the commotion which it 
creates among the red cells For diagnosis tbm films, stained ivitb 
Wnghts or some similar blood stain are used (Fig 214) In such 
preparations the spirals are not so regular 

The organisms of relapsing fever are disseminated by certain ticks, 
cluefly of the genus Orntlhodorus, of which there are some I3 speaes 
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At least seven of these have been dted as vectors of the spirochete 
causing relapsing fever in widespread areas in Africa, Asia, and the 
Americas. 

It was believed that relapsing fever did not occur in the United 
States, but in 1915 Meader reported 5 cases which originated in Bear 
Creek Canon, Colorado, and others have since been recognized in the 
same locality and in California Spirodietes from one of these cases 
are shown in Plate XIII. Since then, this disease has attracted atten 
tion increasingly in North America For a review of the reports of the 
spread of the disease as far north as British Columbia, the reader is 
referred to the interesting paper by Palmer and Crawford,* and 
Hearle * 



Fig 214 — Borrdh ruunetUts in tTie blood ol a patient with relapsing fever (X 1000) 
(Kaig and Schmorl) 


Besides BorreUa recurrentis, a number of distinct strains have 
been described in connection with different types of relapsing fever in 
different localities: B. novyi, JB. irtfcJii, B. dutloni, and B carieri 

Kemp, hloursund, and Wright* reported that Texas relapsing lexer 
u'as caused by a spirochete prowd serologically to be identical v.ith 

* Palmer. J H., and Crawford D J. M • ReUpsing Fever m North America, with 
Report of Outbreak m BnUsh Columbia^ Can Med Assn Jour, 643-64? C/uae), 
1933 

• Henrle Enc Vectors of Relapsing Fever in Relation to an Outbreak of the Disease 
raBntish Columbia. Can Med Assn Jou' J«74‘»M97 (May) 1934 

’ Kemp, 11. A , Moursund, W H and Woght. H C Rehpsing Fever >a Texas. 
I The Identity of the Spirochete, Am Jour Trop Med, /3 42^15 (July), 1933 IL 
The Specificity of the Vector, Orntiltodona tarieala, for the Spirochete, Am. Jour Trop 
Wed., J4 159-162 (Mar). 1934 
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3. Qenus Treponema — (1) Tteponeiaa palUdum — This is the 
organism of syphilis Its description and methods of diagnosis will be 
fovmd on pages 641-644 

(2) Treponema pertenue, morphologically very similar to Trep 
onma pallidum, nas found by Castellam m yaws, a skin disease of 
the tropics 

4 Other “Spirochetes *’ — A number of harmless forms are of 
interest because of the possibihty of oinfusing them with the more 
important pathogenic \aneties Of th«e, Treponema mucosum and 
Treponema mtcrodtnhum arc inhabitants of the normal mouth When 
the teeth and gums are not in good condition they are often found in 
immense numbers (Fig 213) TTie former is similar m morpholog> to 
Sorreha -tnccttlt Treponema mtcrodefihtm (Fig 215) is smaller (4 to 
10 m), more delicate, has deep cur>es, and may be easilj mistaken for 
Treponema faUtdnm It also stains reddish with Giemsa's stain In 



TtareiitnUum T^vo red corpuscles u« also shown (X 1200) 

suspected syphilitic sores of the mouth it is, therefore, important to 
make smears from the tissue jmccs rather than from the surface 
(p 642) liorrelia re/rtngens is frequently present upon the surface 
of ulcers, especially about the genitals, and has doubtless many times 
been mistaken for Treponema pallidum It can be avoided by properly 
securing the matcnal for examination, but its morphology should be 
sufficient to prevent confusion It is thicker than the organism of 
syphilis, stams more deeply, and has fewer and shallower curves 
(Figs 215 and 346) Gicmsa's stain gives it a bluish color Spiral 
organisms of various kinds arc present in the feces of many normal 
persons 

5. Qenus Trypanosoma —Trypanosomes have been found m 
the blood plasma of a great vanety of vertebrates Many of them 
appear to produce no symptoms but a few arc of great pathogenic 
importance Many speaes have been described The forms found in 
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Fig 4 — Spirochetes in the blood of a case of relapsing fe\ er ongiriiting in Colorado Re 
portedbyDr C N Meader 
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the blood are easily recognized as trypanosomes but accurate deter 
mination of species is difhcidt and may be impossible from morphology 
alone They are elongated, spindle s^ped bodies the average length 
of different species varying from 10 to 70 n Along one side there 
runs a debcate undulating membrane, the free edge of ishich appears 
to be somewhat longer than the attached edge, thus throwing it into 
folds Somewhere in the body, usually near the middle, is a com 
paratively pale stammg nudeus, and near the posterior end is a 
smaller, more deeply staimng chromatin mass the micronucleus or 
blepharoplast A number of coarse, deeply staining granules chromat 
ophores, may be scattered through the ^toplasm A flagellum arises 
m the blepharoplast, passes along the free edge of the undulating 
membrane, and is continued posteriorly as a free flagellum These 
details of structure ate well shown in Plate XIH 

The life history of the trypanosomes is complicated and has not 
yet been worked out in all details There is an alternation of hosts, 
various insects playing the part of definitive host At least three 
speaes are pathogenic for man These are pathogenic to a \'anable 
degree for some of the lower mammals which in the wild state serve 
as "reservoirs” from which man may become infected through the 
agency of the insect host 

The best known trypanosome of human blood. Trypanosoma 
gambtense (Plate XIII), is an actively motile, spmdle shaped organ 
• i«im, from two to four times the diameter of a red corpuscle in length, 
with an undulating membrane which terminates at the anterior end 
m a long flagellum It can be seen in stained films with medium power 
ob 3 ecti\es, but is best studied with an oil immersion lens It wall be 
necessary to search many slides It is more abundant m the 3 uice 
obtained by aspirating a lymph gland with a large hypodermic needle, 
and m the late stages when Afncan "sleeping sickness ’ has de% eloped, 
It is also found m the cerebrospinal fluid Its length vanes from 
15 to 33 n, there being short stumpy forms long slender forms, and 
mtermediates It is transmitted by a biting fly, Gtossina palpahs 
A second species which causes sleeping sickness in Afnca has been 
named r rhodcsiense The chief point of distinction from T gambtense 
is the situation of the nucleus close to, or even postenor to, the 
blepharoplast It is transmitted by the fly, Glosstna morsjtans The 
antelope and other large game animals are probably the reservoir for 
these African try panosomes 

Trypanosoma (Sdnzotrypanum) miz% is the cause of Brazilian 
tryTianosomiasis, or Chagas’ disease, and in the febnle stage is found 
in the penpheral blood without much difflculty Its average length 
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IS about 20 ft The life cycle is very complicated In the vertebrate 
host multiphcation takes place m the muscles and certam internal 
organs ^here the parasites assume forms resembhng Leishman 
Donovan bodies The early part of the flagellated stage is passed 
within red blood corpuscles, the latter part free in the blood plasma 
The armadillo is probably the natural reservoir The insect host, by 
which the trypanosome is transmitted to man, is a large bug belongmg 
to the genus Tnatoma which is abundant in the dwellings of the 
poorer classes m Brazil There ate several species, of which TTtaloma. 
megista is most important and best known De Coursey* has reported 
a fatal case of Chagas’ disease in Banama Besides T megtsta, other 
speaes of the family Reduvudae have been found as vectors Reduviid 



Rg 216 •^Trypaiteitma Itvtn In blood ol tnt. The red tOTnuaclee weie decolonzed mlh 
iicetic aad (pbotograpfa, X 1000) 

bugs are found also in the United States Opossums, armadillos, bats, 
dogs, and squinels have all been found to be natural hosts 

Trypanosoma leinst, a very common and apparently harmless 
parasite of gray rats, especially sewer rats, is interesting because it 
dosely resembles the pathogenic forms and is easily obtained for 
study Its postenor end is more pointed than that of T gamhense 
(Fig 216) 

XfypaKosoma esanst, T bruca, and T equiperdim produce re 
spectivcly surra, nigana, and dounne which are common and im 
portant diseases of horses, mules, and cattle in the Philippines, East 
India, and Afnca 

> De Coursey Elbert The Rrat Fatal Case of Chagas* Disease Obaerved on the 
Isthmus of Panama, Am Jour Ttop hled^ IS 33-40 (Jan ) 1935 
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6. Genus Lcishmania. — ^The several spedes which compose this 
genus are apparently dosely related to the trypanosomes, but their 
exact dassification is undetermined. Ihey have been grown outside 
the body and their transformation in cultures into flagellated trypano- 
some like structures has been demonstrated. 

They grow rather easily at room temperature either in dtrated 
blood, or in N. N. N. (Novy, McNeal, NicoUe) medium (p 766). 
Two to three weeks’ incubation is necessary before calling cultures 
negative. 

(1) Leishmanla donovani is the cause of kala-azar, an important 
and common disease of India. With Wright's stain the "Leishman- 


Fig 217.— Smear from splenic pulp showing in the center a large mononuclear cell the 
cytoplasm of which is filled with Lcishraan Donovan bodies. (Courtesy of C. L Junkio ) 

Donovan bodies” are round or oval, light blue structures, 2 to 3 /i 
in diameter, with two distinct reddish-purple chromatin masses, one 
large and paTe ('trophonudeus), the other small and deepfy sfaiiimg 
(blepharoplast) (Fig 217). The parasites, which lie chiefly within 
endothelial cells, are espedally abundant in the spleen; and splenic 
puncture has been resorted to for diagnosis, but is not without danger. 
They may also be found, although with less certainty, in material 
obtained by puncture of superfldal I>*mph glands. WTiiic they haw 
been seen within endothelial leukofy'tcs in the peripheral blood, par- 
ticularly late in the disease, they are extremely dIfScuIt to find in 
ordinary blood films The swreh may be greatly fadlitatcd by con- 
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cenlrating the leukocytes The leukocytes mil fonn a whitish layer 
on top of the solidly pacdced red corpuscles They are skimmed off 
with a capillary pipet, spread on a slide, and stamed with Wright’s 
stain 

Napier’s* serum test for kala-aiar, which has proved useful in 
the field where laboratory facilities are not available, is performed as 
follows Place 1 cc of clear serum in a small test tube Add 1 drop 
of commetaal formalin, containing about 40 per cent of formaldehyde 
Shake the tube thoroughly and place jo a rack In three to twenty 
mmutes the serum mil coagulate and become white and opalescent if 
it IS from an untreated case of kalaaaar Normal serum remains 
clear and fluid Serum from patients who have leprosy, tuberculosis, 
or malaria gives a somewhat similar reaction to that which occurs in 
kala azar, but to a very much less degree Histoplasmosis (see p 633) 
may be confused with kila azar, however, the latter disease probably 
does not occur m the United States, while the disease described by 
Darling and commonly called “histoplasmosis” is being reported in the 
United States with increasing frequency 

(2) Leishmania lofantum is found in a form of splenomegaly with 
severe anemia occurring m young children in the region around the 
Mediterranean, especially Italy, and known as infantile kala azar 
Morphologically the parasite is indistinguishable from L donmam 
Dogs are the natural reservoir, and the dog flea has been thought to 
transmit the disease, although recent work of Nicolle and Anderson 
would indicate that the flea is not implicated The opinion of British 
workers is that the sand fly, Phlebolomus, may be the transmitting 
agent 

(3) Leishmania tropica resembles the preceding It is found, lying 
intracellularly, in the granulation tissue of Delhi boil or Onental 
sore A variety, sometimes described as a separate species, L brazil 
teims or L amertcana, is similarly found in the ulcers of espundia, a 
very chronic form of mucocutaneous leishmaniasis, in South and 
Central Amenca 

7. Genus Trichomonas — (I) Tnebomonas homuus is an oval 
or pear shaped cell of somewhat changing shape (Fig 218) The 
average length is about 10 to 15 /i, although there is considerable 
vanatjon among individuals In the antenor half of the cell is an 
oval nucleus which is not, however, well seen in unstained specimens, 
the cytoplasm contains food vacuoles At the anterior or blunt end 
there is a duster of four flagella of equal length, and along one side 

‘ Nap er L. E. A New Serum Test for Kala aatr, Indian Jour Med Rea , 830-S4fi 
(Apr), 1922 
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is an undulating membrane the thickened free edge of which is con- 
tinued backward as a short flagellum As to the number of flagella 
there is some confusion in the literature. Four is now accepted as the 
standard number, although there may be variation among individual 
parasites Forms vfith three and five flagella have been called Tri- 
trichomonas and Pentatrichomonas, respectively, but they are not 
generally regarded as separate species. Ovs’ing to the active motion of 
the flagella and undulating membrane these are not easily seen, and 
at first sight the parasite has much the appearance of a pus corpuscle 
moving busily about among the fecal particles A drop of Gram's 
iodine solution added to the preparation on the slide kills the para- 
sites and brings out the internal structure and the flagella more 
dearly. In infested feces a few hours old, a characteristic degenerating 



Rg J18— TffcAtfwwiaj Aominw, so In- Fig 2\^.‘^hhfiuutix netwlt, an [nteo- 
testina] flagelUle (X JOOO) Note the four UnaJ flageJhte (X 1000) A, Flagflhte 
antenor flagella and undulating cnecnbranr fonn NoU the three anterior flagella, and 
(conposte drawing from various authors) the elongated c>’5to5tome or "mouth" (after 
Brumpt) n Cyil. The (Tstostosie can still 
be seen (Chaodlet, after Wenyon) 

form of Trichomonas is c»mmon. The organism e.Thibits peculiar 
undulating, almost ameboid mo\cments which may continue for 
many hours. The usual habitat is the colon, but it is not infrequently 
found in other situations; In the ^'agjna, in the mouth, especially 
about the gums, and in the sputum of persons suffering from pulmonar>’ 
gangrene and putrid bronchitis. 

Unlike the other intcsUnal flagellates, it does not, as far as is 
known, become cnc>’sied, although cysts ha\e been most carefully 
sought, and* supposed c:}'sts have from lime to lime been described. 
Infection, therefore, probably takes place through ingestion of the 
flagellate forms, v.hich, according to Hegner and Reckcr, appear to 
be suffidently resistant to pass through the stomach without injur}* 
nhen swallowed with contaminated food. 
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Trichomontts homims la a^mmon m the tropics, and from clinical 
reports appears to be widespread throughout the United States It is 
probable, however, that m many cases the orgazusms reported were 
really Chtlomashx or Gtardta which are more frequent Surveys 
among soldiers from all parts of the country indicate its presence m 
about 3 per cent of the population Most authonties regard it as 
nonpathogenic, others believe that it may cause nuJd diarrhea of the 
d3^sentenc type, or that it at least may aggravate an already existing 
iiiflammatory condition The parasites are often so abundant that 
four or more may be seen in a single field of the high dry objective 

(2) Trichomonas vaginalis is frequently found in vaginal discharges, 
and IS thought by gynecologists to be a cause of colpitis and leukor 
rhea It is the type speacs for the genus Trichomonas and is larger 
than the other tnchomonads measuring from 12 to 26 p m length, 
and from 6 to 18 jj m width Bland, Goldslem and Wennch* re 
viewed the hterature very completely up to 1931 One of the chief 
differential points ra the morphology of T csgtitahs is that the poste 
nor flagellum forming the margin of the undulating membrane rarely 
readies beyond the middle of the body, and is without a free portion 
There are also four antenor flagella The organism may be readily 
grown m a medium composed of LoefHer s dehydrated blood serum, 

0 3 Gm , sodium chlonde, 0 7 Gm , sodium citrate, 1 Gm , egg albu 
mm, 2 cc , distilled water, 100 cc The comparative size of Tricho^ 
monas vagtncUs, Trichomonas hieealts and Trtebomonas Jomtms is 
shown m Figure 220, from the drawmgs of these organisms made by 
Powell * 

8 Genus Cfiilomastlx — Chilomastii mesniU is mde^ distnb- 
uted on all continents Surveys among soldiers and others indicate 
that it is present m the feces of about S per cent of all persons in 
this country and is thus the second most prevalent intestmal fiagel 
late, standing next below Giarita Its pathogenicity is in dispute 
It is a pear shaped organism 13 to 24 long with three antenor 
flagella and no undulating membrane (Fig 219) There is a large 
round nucleus not well seen in unstained specimens and antenorly 
IS a large, elongated, heavily outlined cystostome or ‘ mouth ’ with 
m which IS a small, slender flagellum not easily seen The cj'toplasm 
contains numerous small food vacuoles The postenor extremity is 

* Bland P B Golditnn Leopold and Wenrkh. S n Va^oal 'tncLomomo^i In 
(lie Pregnant Uoffian. A Qinical and Motphologic Study Jour Am. lied Aun. 96 
157-16.1 ffan 17) 1911 

* PoweD. W N Tfulutmtmaa DoanS 1X36 Its Iforpholozic Charseteristlcs, 

M eosu and SpeoSc Identity Amer Joat Hygiene Z-/ 145-169 (fuly) 1936 
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projected into a narrow tail-like process. The usual habitat of ChilO' 
maslix is the large intestine. 

The cyst is oval or, more often, pear shaped, and measures about 
7.5 to 8 5 ^ in length. The nucleus and the margins of the cystostome 
can be seen within it. 

9. Genus Giardia. — Glardia lamblia (lamblia intestinalis) is 
very common in the tropics and is a prevalent intestinal flagellate 
in this country. In a series of examinations of 2876 soldiers, as com- 
piled by Kofoid, it was found 168 times. Other surveys place the 
incidence of infection among the general population as high as 12 
per cent, while Maxcy found the incidence to be as high as 20 per 



Hg 220 Tnchononoi rajiNOiM, Truhoirumn hva^is. Trichomonas homiitis (X 2000) 
(Pow«D). 

cent in a group of children examined in Baltimore. However, Lynch 
found only 2 3 per cent in 1040 cases in four years* experience. The 
parasite is generaffy considered of ffttfe patiogemc importance, 6uf 
appears capable of causing a dironic enterocolitis with mild diarrhea 
which is ver>' resistant to treatment. Closely related species are 
frequent in the intestines of rats, mice, rabbits, and guinea-pigs. 

Giardia lamblia is pear shaped, measures 12 to 20 m in length, 
and has a depression on one side of the blunt end by which it attaches 
itself to the tops of the epithelial cells of the intestinal wall. Three 
pairs of flagella are arrang^ about the depression and one pmr at the 
pointed end (Figs. 221 and 222). Two nuclei can be made out. The 
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cytoplasm does not contain food \acuolcs Its usual habitat is the 
upper part of the small intestine, specially the duodenum 

Giardia is disseminated m the encysted stage, and unless actne 
diarrhea from the small intestine exists, or the stool is obtained by 






FIs 221 — OtardtahnUia Uie nost prevalent Inint oal flaj;eIlAte A fbeell^Ieform 
frUad cd w> At top ol {nit&Uoal tp tbclial cel! (X SOO) R (laselUtc (erm ind vtnlra! 
views (X 1000) C e}^t9 frequently teen in ihe feces (X 1000) (After Chaodler AfoDow 
Isg Gr&sa »nd Schewlakatf, D aod C (oUatnsg Vtenyoa ) 

cnlharsvs, only encysted fonns are likely to be found These may be 
extremely numerous and, uhilc less omspicuous than the motile 
individuds, should not be di/Ecult to find and identify e\cn by one 
who IS not famthac with protozoal Qsts Tlic cysts arc osal measure 



Fig 222 — V egeUtive fono of Cta/dta lamtiui ia fecea pbotomicrognph (about X £00) 

about 8 X 14 have the internal structure shown in Fig 221, and 
are surrounded by a fairly thick hyaline wall Boeck found their 
longevity outside the body to be thirty four days m water and their 
thermal death point 6-1® C 
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Other Intestinal Flagellates — ^ITie literature relating to the intestinal 
flagellates and their palhogeniaty is much confused Probably the only 
important members of the group in this country are the three described 
above Other species v.hicb are \er> rarclj found ma> be mentioned briefly 
Embadorfonas sntesiinalts has lv,o anterior flagella and a definitely outlined 
cj'stostome, and its cj’Sl resembles that of ChilomasUx, but is onl> about 
5 n long Enteromonas homtnts usuall> has three anterior flagella, and a 
fourth ubich anses antcnorlj , trails backward, and is adherent to the body 
The«e two flagellates arc small, 4 to S |i m length Trtcercomonas mCesltnahs, 
former!} desaibcd, is now, b} good authorities, identified with Enteromonas 
CercomonaSy with two anterior flagella, one free, one directed backward, 
attached to the bod}, and projecting posteriori}, is, contrary to the older 
belief which was due to confusion with Chtlomasttx znd Trichomonas, very 
rare ui fresh feces Bodo, with a single nucleus and two antenor flagella, is 
also very rare Cercotnottas and Dodo do not hv’e mthin the human body, 
but are to be classed as “coprozoic organisms” which reach the feces as 
contarainationsand there find a favorable medium for growth 

Special methods of examining feces for flagellates and other protozoa 
are given on pages 4SS-491 


CLASS SPOROZOA 
ScrSCCASS TeLOSPORIDlA 

All the members of this class are parasitic, but only a few have 
been obserted in man, and only one genus, Plasmodium, is of much 
importance m human pathology Propagation is by means of spores, 
and sporulation ends the life of the individual In some speoes there 
IS an alternation of generations, in one of which sexual processes 
appear In such cases the male individual may be provuded with 
flagella Otherwise there are no speaal organs of locomotion 

1. Genus Eimcna. — Eunena stiedae (Coccidmm cumcuh) — 
This IS a very common parasite of the rabbit, and has been much 
studied, but extremel} few, if any, .autheebe cases of infection m 
man have been reported ITie parasite, which when fully developed 
is ovoid m shape and measures about 30 to 50 m m length and has 
a sfieff fike integument, dev efopis within the epitfieiiaf ceils of ffie 6ife 
passages Its presence m rabbits causes the formation of whitish 
nodules, usually with caseous contents On reachmg adult size it 
divides into a number of spores or merozoites, which enter other 
epithelial cells and repeat the lyde A sexual cycle which suggests 
that of the malanal parasite, but does not require an insect host, 
also occurs By conjugation of microgamete with macrogaraete a 
z>gote IS formed This develops a definite membranous wall and 
thus becomes an oocyst which passes out with the feces Its contents 
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then divide into a number of sporozoites. The <yst remains quies- 
cent until it reaches the stomach of a new host, usually through con- 
taminated food. Here the <yst TvaU is digested and the sporozoites 
are set free to travel to the liver and enter epithelial cells, where they 
initiate a new cycle. 



Pig. 323. — liotp^a hem'mh Fsathim 1927 (X ICCO). 0 , Oocytt in (tool at ticoe 0 ! 
passage; 3, begiamng (onoaiion of twospon>cysls;c, sporocysts fonned (tUrty-six boun); 
targe residua] mass; tporoxoites not ^mpletely (onned; oocyst wall ruptured by pressure; 
d, mature oocyst (fifty boun) (Magalb. ta '*The Ametiou Journal of Tropical Medi- 
cine,” Alarch, 1935. Williams and Witbins Company, Publisbets.} 

A number of related species have in very rare instances been found 
in man. In most of these the oocyst was large and spherical. 

2. Genus Isospora. — Isospora hominls. — ^This is closely related 
to the preceding and has a similar life history. It has been found in 
human feces. Apparently it causes no partit^ar disturbance Diag- 
no^s depends upon the re«»gnition of oocysts in the feces. These arc 
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colorless, ov-oid bodies, measunng about 14 by 28 /i, 'Witb a dear 
cut definite w-all usuallj uith two or more lajers \\Tien they first 
pass out of the bod> the protoplasm is unsegmented and appears 
as a rounded granular mass which docs not fill the cj-st, as in Fig 
223 Thej might easily be mistaken for the eggs of some imknown 
worm To gam an idea of their general appearance one may study 
the contents of the whitish nodules in the liver of a rabbit infested 
with the cocadium described ahov'c 

haspora hamtms has been reported ducflj in Bntish soldiers 
aiming from Gallipoli Salonika, and the Balkans The distnbution 
of reported cases is shomi in Fig 224 



3 Genus Plasmodium — This genus includes the malanal para 
sites These protozoa belong to the Sporozoa (p 523), order Hemo 
spondia and family Plasmodiac, the members of which are parasites 
m the blood of a great vanety of vertebrates Three species, be 
longing to the genus Plasmodium^ are associated with malanal fever 
in man Plasmodium vtvax P malanae and P falciparum, the para 
sites respectively of the tertian quartan and estivo autumnal types 
of malana The life histones of the three are so similar that they 
may well be desenbed together 

(1) Life Histones — ^Tbere are two cycles of development One, 
the asexual m the blood of man, and the other, the sexual, m the 
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mtcstmal tnct of female mosquitoes of certain spcacs of the genua 
Anopheles 

{fl) •tacxuof C>cf« — The joung organism enters the blood through 
the Lite of the mosquito It maLcs its waj into a red corpuscle,* rihere 
It appears as a small pale * hyaline body, which generally assumes 
the form of a nng Later il loses its nnghke shap^ increases in size, 
and exhibits ameboid mmements ttithin about eight hours dark 
browTi granules derived from the hemoglobin of tlie corpuscle make 
their appearance mthm it hen it has reached its fuU size almost 
filling the corpuscle and causing it to enlarge in the case of the ter 
tian parasite, smaller in the others, the pigment granules gather 
at the center or at one side, the organism divides into a number of 
small bjaline bodies the spores or trcnroiles and the red corpuscle 
bursts, setting spores and pigment free in the b!oo<l plasma This 
1$ called segmentation It coincides with and b> liberation of toxins 
causes the paroxj'sm of the disease A considerable number of the 
•spores are destro>cd fay leukocytes or other agenaes the remainder 
enter other corjiusdes and repeal the cjde Many of the pigrocat 
granules are taken up by leukocytes In estivo-autummU fever seg 
mentation occurs almost cxdusivcly in the capillaries of the internal 
organs and the segmenting and larger pigmented forms arc seldom 
seen in the iienpheral blood This accumulation of parasitw in the 
internal organs explains certain types of permetous cstivo-autumnal 
malaria, for caample the comatose type when the parasites accumu 
late in the capillaries of the brain The other malarial parasites show 
a similar tendency, but it is much less marked than in the ease of the 
estivo autumnal parasite 

The asexual cycle of the tertian organism occupies forty eight 
hours of the quartan seventy two hours, of the cstivavautumnal an 
indefinite time— usually twenty four to forty eight hours 

The parasites arc thus present in the blood in great groups or 
broods, all the individuals of which reach maturity and segment at 
approximately the same time Fhis explains the regular recurrence of 
the paroxysms at intcnals corresponding to the time occupied by 
the asexual cycle of the parasite fvot infrequently llicre is multiple 
Yr.^Vryp. wa. pviifr ni'i/wvg x&wVori'vy a.Vnlit xAiiwb wt vJi 
young hut the presence of two groups which segment upon the 

‘ In this sect on the malirial pandite b descnbetl in accordance tb the usual 
teach ng as It ng with n the (uraslt *ed red corpuscle The Mrlt cl hlary Rowley 
Lawson howe\cr tends to show that the panate s extnccHuI t throughout Its whole 
existence that it attache* lucll to the estenul suHace ol the red corpuscle but does not 
cater it and that it ni grates from corpuscle to nrpusde betwees paroxysms, destroying 
each cell before it abandons it 
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same day is extremely rare Fe%crs of longer intervals— slx, eight, 
ten daj’S — are probably due to the ability of the body, sometimes of 
Itself, sometimes by aid of qiuQine, to resist the parasites so that 
numbers suflicient to cause a paroxysm do not accumulate m the 
blood until after several repetitions of the asexual cycle In estivo 
autumnal fever the regular grouping while usually present at first, is 
soon lost, thus causing ‘ irregular malaria ” 

Bass has succeeded m cultivating the malarial parasite outside of 
the body 

{b) Sexual Cycle — Besides the amehoid individuals which pass 
through the asexual cy cle, there are present wath them m the blood 
many individuals with sexual properties These are called gameh 
cytes, the males, imcrogametocyies, the females, macrogavielocytes 
Like the asexual forms the> start as young parasites bberated from 
the sporulating parent However, they grow more slowly and when 
they reach the adult size do not undergo segmentation, hut remain 
inactive m the blood until taken up by a mosqmto Many of them are 
apparently extracellular, but stained preparations usually show them 
to be surrounded by the remains of a corpuscle In tertian and quartan 
malaria they resemble the asexual mdividuals until a variable time 
after the blood leaves the body, when the male gametocyte sends out 
one or more iiagella In estivo autumnal malana the gametocytes 
take distmetive ovoid and crescentic forms, and are not difficult to 
recognize These sexual forms are very resistant to quinine, and 
often persist m the blood long after the ameboid ionns have been 
destro}ed Under ordinary conditions they are incapable of con 
tinuing the disease until they have passed through the cycle m the 
mosquito, but it seems probable that under certain unusual con 
dilions the female gametocyte may, without fertilization, undergo 
further development and sponilate, thus starting an entirely new 
asexual cycle 

^\^len a malanous person is bitten by a mosqmto, the gameto 
cytes are taken with the blood into its stomach Here the male sends 
out one or more flagella known as microgametes These break off 
and seek out the females which have undergone a process of matura 
tion and are now known as macrogametes, whom they fertilize much 
as the sperm fertilizes the ovum The fertilized female is then a 
zygote, it becomes elongated and actively motile and finally pene 
trates the mtestme and encysts on its outer wall This "oocyst’ 
grows enormously and projerts mto the body cavity of the mos 
quite as a conspicuous knob, easily seen in dissected mosquitoes 
with very low magnification After about twx> weeks the oocyst nip- 
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tures, liberating many minute tods, ot spor0’’oites, which have formed 
within It These migrate to the sabvaiy glands, and are earned into 



Tg 22S — Heads of Culex (Culex pi f tent) showing tie straight probosas, the }o oted 
paJpI aad ntenia] to these the hair/ antennae The male is d sUoguished from the femsle 
by the longer hain oo the antennae, hote that the palpi of the male axe about u long 
M the probosoi, whde those of the female are veiy much shorter (compare with Fig 226) 

the blood of the person whom the mosquito bites Here they enter 
red corpuscles as young malarial parasites, and the majonty pass 



Fig lib —Heads of Ane/Adei (Aw/Mex mcoiSifennu) The sexes are disunguishtd 
by the antennae as Doted uader Pig 225 He palpi of A ne^is/ex are oeariy the tame length 
as tie proboscis in both sexes 

through the asexual cycle just described Definite symptoms of ma 
lana do not, however, appear untd the jarasitcs have multipUcd 
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to a suffident number — ^usually ten or twelve days in acute cases. 
Ross estimated that ordinarily about 150,000,000 parasites must be 
present in the body before symptoms are produced. 

The sexual c>'de can take place only within the body of the fe- 
male of certain mosquitoes belon^ng to the genus Anopheles. The 
male does not bite. Absence of these mosquitoes from certain dis- 
tricts explains the absence of malaria Anopheles is distinguished from 
other common mosquitoes, particularly the widely distributed genus 
Cider, by the relati\e lengths of proboscis and palpi (Figs 225 and 



Hg. 227 — Shewiag, ©a the left, Awphda la nsUag posiUoa, its dappled wing sad 
the position of its Urvae In water, on the ngbt, Cidex m testing position, its plain wing, 
and the position of its Luvae in water The arrows icdicite the directions taken bj' the 
larvae when the rs^ter is disturbed (Abbott). 

226), which can be seen with a band lens, by its attitude when resting, 
and by the dappled wing which tharacterizes most spedes of Anopheles 
(Fig. 227). 

Anopheles is strictly nocturnal in its habits; it usually flies low, 
and rarely travels more than a few hundred yards from its breedmg 
place, although it may be carried by winds These facts explain cer- 
tain i>ccuiiarities in malarial infecdon; thus, infection occurs prac- 
tically only at night; it is most common near stagnant water, espe- 
cially upon the side toward whidi the prevailing wmds blow; and the 



530 


AVniAL PAEASITES 


danger is greater when persons sleep upon or near the ground than 
m upper stories of buildings Most of the mosquitoes die m the fall 
but indii iduals frequentl> hibernate in warmed houses, and may bite 
during the winter A mosquito becomes dangerous m eight to four 
teen daj s after it bites a malanous person, and remains so through 
out Its life Malana is found most commonly in the southern states 
honever, it is found as far north as Minnesota Sanford* reported 
a case of tertian maJana nhich was observed m southern Minnesota 
The patient was two years of age and never had been out of the county 
in which he had been bom A number of sporadic cases have been 
reported Riley* has found Anopheles macuUpetims, A quadnmacn 
lalus, A ualken and A puncltpennts in Minnesota These are all 
\ ectors of plasmodia 

One other mosquito which is very important from a medical point of 
view may be mentioned at this place This is Aedes aegypii (JStegm^ta 
fosaata) which is the carrier of >eUow fever and is probably concerned in 
the transmission of dengue It is a small mosquito and is distinguished by 
two curved and two straight silver white markings suggesting a lyre on 
the back of the thorax and by bands of similar color around the abdomen 
and legs (Fig 22S) This and neatly all other members of the genua Atdti 
have palpi long m the male and short in the female, as in Culex 

(2) Detection — Search for the malarial parasite may be made in 
either fresh blood or stained Wins If possible the blood should be 
obtained a few hours before the chill— not during it or within a few 
hours afterward, since at that time (m single infections) only the 
very young, unpigmented forms are present, and these are the most 
difficult to find and recognize Sometimes many parasites are found 
in a microscopic field, sometimes especially in estivo autumnal mfec 
tion, owing to accumulation m internal organs careful search is re 
qmred to find any, despite severe sjTnptoms In ordinary acute ma 
lana, however, the parasites can usually be found within five to 
twenty minutes Only m chronic cases and m ‘ malana earners” is 
it necessary to resort to concentration methods Quinine causes them 
rapidly to disappear from the penpheral blood, and few or none maj 
be found after As adimmstiation In tbe absence of organisms tbe 
presence of pigment granule within leukocytes — especially the endo 
thehocytes — may be taken as defimte evidence of malaria Pigmented 

‘Saatoid A H Malana lo KoiUsera Staltv SU Paul Med Jout /5 83 8S(Jaa) 
1913 

* Riley \V A lod genous Matana and lu Vectors In Minnesota Journal Lancet 
JP 311-312 Ouly), 1939 
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leukocytes (Plate XIV) are most numerous after a paroxysm and in 
chrome malaria 

(0) /« Fresh Vnslained Blood — Obtain a small drop of blood from 
the finger or lobe of the ear Touch the center of a cover glass to the 
top of the drop and quickly place it, blood side down, upon a slide. 
If the slide and cover be perfectly dean and the drop not too large, 
the blood will spread out so as to present only one layer of corpusdes 
Search with an oil Immersion objective, using very subdued light The 



Rg 228 — iteJu (Ugypu [Slegontyta faiCfOla), the yellow fever mosquito Tetnale Note 
tbe 1/re-liie morloags oa the bock of the tbonz (Boyce, after Newstead) 

preparation may be kept for many hours if ringed with \'aselin or 
melted paraffin 

The joung organisms appear as small, round, ringlike or irregu- 
lar, colorless bodies within red corpusdes The light spots caused by 
crenation and other changes in the corpusdes are frequently mis- 
taken for them, but are generally more refractiv'eorha\-c more ^arply 
defined edges The older forms are larger colorless bodies contain- 
ing granules of brown pigment In the case of the tertian parasite, 
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these graniiles have active vibratory motion, which renders them 
conspicuous, and as the parasite itself is very pale, one may see only 
a large pale corpuscle m which fine pigment granules are dancing 
Segmenting organisms, when typic, appear as resets, often com 
pared to daisies, the petals of whi<^ represent the segments, while 
the central brown portion represents the pigment Tertian segmenting 
forms are less frequently typic than quartan Flagellated forms are 
not seen until ten to twenty minutes after the blood has left the 
vessels As Cabot suggests, one should, while seardung, keep a sharp 
lookout for unusually large or pale corpuscles, and for anything which 
IS brown or black or m motion 

The followmg table contrasts the distinguishing characteristics of 
the three species as seen in fresh unstained blood 


SPECIES OF THE MALARIAL PARASITE 


jTtxntM 




tma-Avrmaiu. 


AMzual C7«Ie (anr^bt baun. 


CnuDr twt6lr49ttr t» lerty^Ifbl 


Substaaee pa!«, truspareat i 
catapu&bU ta byaliae I 
tube-cut 
Outline isduUnet 
Ameboid motion active 
Mature asexual form larse 
£IIa and o(ten distends cox 
puKle 

Pigment-granules Eme brown 
scattered tbroughout Very 
active dancing motion 
SegmentiDg body rarely as- 
sumes typical ' daisy" 
form. 15 segmenU 
Gametocytes resemble uses 
ual forms 


Iligbt/ refractive coirpar 
able to waxy tube<aal 

Pistuict. 

Sluggish 

Smaller 


Much coarser, darler in 
color penphcially or 
ranged Motion slight 
Usually typical ' d^y ' b 
to 12 segments 

Same as Tertian 


' Highly tefraeuve. 


PisUnct 
I Active 

I Young forms, only, In 
I ptnpberal blood. 

I Very lew, nunute inac- 
tive. Distmctly pigmen 
' ted fonns seldom seen 
.Very tartly seen In per 
' ipbetal blood. 

Appear In blood as dis- 
' tmetive ovoids and cres- 


Red corpuscles pale and I Generally darker than nor 
swollen mat 


, cents 

Dark, often bronxed. 


(&) In Slcttied Filins — Kecogmtioo of the parasite espeaally the 
joung form, is much easier in films stained by Wngbt's or some 
similar stain than m fresh blood The films must be thin and well 
stained It is useless to search preparations in which the nudei of 
leukoqrtes are not strongly colored 








PLVTE xn' 


^Loasul Pakasites 
Wnght’s stain X 1000(1 mm = 1 fi) 



Fig 1 — E5lj\o-autumnal nakm, exact reproduction of a portion of a field, showing m 
exceptiona!i> large number of parasites 



Fig 2 — Estl^o-autum Fig 3 — Leukocytes Fig 4 — Quartan para 

nal gametoc^'tes. with eogulfed pigment Sites 



Fig S — Tertian parasites A, Eight hours after chill, showing malarial stippling five 
young parasites, and one gamelocyte, from Iwosibdes.B, twenty four hours after chill, five 
half grown parasites one gametocj'le, C, dunng dull, one presegmenter, two segmenlcrs, 
a cluster of freshly bberated meroeoites, and tnw «iy j'ouag parasites, from one slide 

^ (J Rennell, pinx.) 
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pusde As was e.Tplamed on pa^ 526, the older asexual and the scg 
mcnting stages of the cstivo autumnal parasite rarely appear in the 
pcnpheral blood 

Tj'pical ‘*segmenters” (Plate XIV, Tig 5, c) may present a nng 
of rounded segments or spores, each with a small, dothke chromatin 
mass, but these regular forms are not often seen With the tertian 
parasite, especially, the segments much more frequently form an 
irregular cluster The pigment is collected near the center or at one 
side or is scattered among the segments 

I ully grown tertian and quartan gametocytes (Plate XIV, lig 5, 
<1 b) resemble the fully grown asexual forms in general appearance, 
but are more compact and less irregular m shape and contain more 
and larger pigment granules The female {macrogamelocyk) is gen 
erally the larger and has more compact chromatin, usually situated 
near the edge^f the parasite, deeper blue cj toplasm, and more pig 
ment The male (tntcrogamelocyle) stains light blue or greenish Its 
chromatin is pale and occupies a relatively large area, usually near 
the center The crescentic and oval gameto'eytes of cstivo autumnal 
malana (Plate XIV, Ttga 1 and 2) are easily tdentiOed Their length 
IS somewhat greater than the diameter of a red corpuscle The macro* 
gametocyte is usually thm and more or less pointed at the poles, and 
the chtomalm is centrally placed and surrounded by pigment granules 
The microgametocyte is generally paler and thicker, with blunt ends, 
while Its chromatm and pigment are scattered throughout the middle 
third of the body The remains of the red cell often form a narrow 
nm around them or fill the concavity of the crescent 

Method of Bass and Johns — A method of concentrating plas 
modia has been described by Bass and Johns This method takes 
ad\ antage of the fact that cells which contain parasites are lighter 
than normal cells and volt therefore nsc to the top of the sediment 
when blood is centrifugahzcd at 2500 revolutions per minute The 
upper lajcrs are skimmed off and trinsferred to smaller tubes and 
centnfugahaed again This process is repeated until there is a sm'ill 
bulk of sediment but many cells which contain parasites These cells 
are placed on a shde and stained with Wright s stain A decided 
advantage over other methods that ha\e been desenhed (S thst the 
parasites and erythrocytes are perfectly preser\ed and stam exactly 
as they do m ordinary smears (Fig 229 and Plate XIV) Howci er, the 
method is laborious and the thick film method may be preferred 

Barber and Komp' Thick Film Method — The slides must be 

* Barber, M and Komp W TI tV Method ol Preparing: and ExanurnriR Th ck 

Filins for the Diagnosi* of Malaria, U S. Fob Ueallb Rrp, ^ 23JO-2341 (Sept. 27), 1929 



CLASS SPOROZOA 


535 


perfectly clean and vnped with alcohol Make a thin film of blood on 
one end of the slide On the other end make a thick smear of blood, 
spreading the blood with a wooden applicator or a comer of another 
slide Allow the blood to dry Make a heavy mark betv.een the two 
smears with a wax pencil Stain the thin film wnth Wnght's stam 
The preparation may be used later for making a differential count 
or for studjmg the plasmodia m the erythrocytes, if any are found 
Place the end of the slide, which contains the thick film, vertically in 
freshly diluted Giemsa’s stam, which is prepared bj adding 75 c c of 
neutral distilled water to 2 cc of stock stam Distilled water should 



A B 

fig 229 — EsCn'O-autumn;!! tnalana Effect of concentration by tie metbod of Bass 
and Johns A Direct S]near,averaging03>ecre«centi]m2bl Sdds B blood of same patirnt 
•oncentrated Trom slides prepared by F M Johns \% ngbl’s stain (photographs, X 1000) 

be brought to 7 by carefully adding dilute solution of sodium 
hydroxide Test the pH after adding each portion of alkali to the 
distilled water It is essential that there should be a slight amount of 
free alkali in the water for the proper working of Giemsa’s stam 
Komp,' Johnson,* and others have found that as a substitute for the 
stock solution of Gicmsa’s stam, the following stam works v-erj satis 

* Kamp, W H W Addifjooal Notes on Preparation and Eiarmaanon cl Thick 
Rlood Films for Mahna Djagnosj*. U S Pub Health Rep 4^ 575~S!M (July 2S) 1933 

•Johnson F B Diagnosis of Malajja b> Tluck Blow! Film Method &uth Jfed 
and«;urE,WlRS-J87(Apt) 1933 
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factonly Dissolve 03 Gm azure II eosm in 13 cc chemically pure 
anhydrous glycerin at 60** C , in a water bath, add 37 c c of chem 
ically pure acetone free methyl alcohol at 60° C Handle the slide 
very gently, and allow it to stain for one and a half hours Shdes 
which show a central brown spot after stainmg have not been stained 
long enough, and should be restaincd Then stand the shde verti 
cally in water for from fi\e to twenty minutes Let the slide dry in 
the air mthout blotting, and without heating Examine with an oil 
immersion lens The leukocytes will be stamed, but the erythrocytes 
will be laked The malarial organisms will have a deep red chroma 
tin. dot and blue gray cytoplasm, the size and appearance depending 
upon the stage of development of the plasmodmm Their appearance 
can be studied in comparison with the thm film, which has been 
stained with Wnght’s stam, but the orgamsms will be found in fat 
greater number m the thick film 

4 Genus Babesia. — The proper position of this genus is uncer 
tarn It is placed among the flagellates by some The chief member 
is ^ofcejia (Ptroplosmo) btgemtnum, the cause of Texas fever m cattle 
It IS a minute, pear shaped organism, lying in pairs within the red 
blood corpuscles, and is transmitted by the tick, Boophilus annulaUn 
Other ticks are earners of this and similar infections among cattle m 
other parts of the world than Texas 

CUSS INFDSOIUA 
SUBCLlSd ClUATA 

The conspicuous feature of this class is the presence of aha These 
are hairlike appendages, which have a regular to-and fro motion 
instead of the irregular lashing motion of flagella They are abo 
shorter and more numerous than flagella, and usually cover the 
greater part of the surface Most infusona are of fixed shape and 
contain two nuclei Contractile and food vacuoles are also present 
Encystment is common Only one speaes js of medical interest 
Certain ciliated structures w^di have been described as infusona, 
notably in sputum and nasal mucus, were probably abated body 

K Genus Balantidium. — (1) Balantidium coU — This parasite, 
formerly called Paratiwectutn coh, is an occasional inhabitant of the 
colon of man, where it penetrates mto the mucous membrane and 
produces a diarrheal condition resembhng amebic dj-senlery In 
fection is most frequent among farmers and in some cases has been 
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associated with the symptoms of pernicious anemia It is an actively 
moving oval organism, about 60 to 100 fi long and 50 to 70 n wide, 
is covered with dlia, which are arranged in longitudinal rows, giving 
a striated appearance, and contains a bean-shaped macronucleus, 
a globular micronucleus, two contractile vacuoles, and variously 
sized granules (Figs. 230 and 231) At the anterior end is a funnel- 
shaped mouth. The parasite is so large that it can hardly be over- 
looked if present upon the slide and still active 

Its ordinary habitat is the 
large intestine of the domestic 
pig, \\here it apparently causes 
no disturbance. It probably 
reaches man in the encysted 
condition 

(2) Balantidium minutum re* .-i. ■.- 
sembles B, coU, but is smaller. 



Fig ISO^Balaniidfum colt (about X 350) Hg 231.—Ph<}lomcTognpbo{SilaKitditm 
(alter Sicbhoist) ctJt is leces (about X 500) 

measuring 20 to 30 by 15 to 20 p It has been found a few 
times in diarrheal stools 


PHYLPM PLATTHELMUTTHES 

The old phylum Vernudea has been subdivided into three phyla, 
those which are of mterest here being the Platyhelminthes and Nemat 
helminthes, the flat worms and the round worms respectively Of 
these, many spedes are parasitic in man and the higher animals In 
some cases man is the regular host; in others the usual habitat is some 
one of the animals, and the occurrence of the worm in man is more or 
less acddental Such are called inctdenlal parasites. Only those worms 
that are found in man wth suffident frequency to be of medical 
interest are mentioned here. 

The most important means of dinical diagnosis of infection by 
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either the f3at worms or the round worms is the finding of ova In 
many cases the o\a are so charactenstic that the finding of a single 
one will establish the diagnosis In other cases they must be care 
fullj studied and a considerable number measured ^\TiiIe ova from 
the same species ^vill naturally vary somenhat, the average size of 
a dozen or more is pretty constant, probably as much so as is the 
case with different speaes of birds The measurements given here are 
raamlj those accepted bj Stiles or Ward. 


PHYLUM PLATYHEUUNTHES 


(Flat Wonns) 

Class Trematoda — Huke Uast^menled, leat-shaped, wih alimenlaiy tmt 


Gnus 

Fasciola 

Opislborchis 

Cionorcbis 

rMOfllflpvs 

Paragonimus 

Schistosoma 


ifiuies 

F hepattea 
Op /elineus 
C stnffUtt 
P 6uikl 
F veslerma’iti 
S kasmeltituM 
S tnanseni 
S 


Class Costoda —Tapeworms. Segocoted. nbboo-sbaped with no ahmenlarv tract 


Gnits 

Taenia 

tlymenolepis 

DjpjrlidiunL 

Diphyllobothnuro 


Specus 
T sagtiula 
T sflium. 

T uhnoioaus 
H fMlW. 
fl dmutuia 
D (attinum. 

D latum 


CLASS TREMATODA 

The trematodes, commonly known as “fiul.es are flat, unseg 
mented, generally tongue or leaf shaped worms They are com 
paratively small, most speaes ateragiog between 5 and 15 mm in 
length Trematode infection is uncommon in this country and nearly 
all the cases are imported 

Most species have two radially striated sucking disks An oral sucker 
surrounding the mouth at the anterior end, and a ventral sucker on the 
ventral surface of the anterior third of the body The digestiie tract is 
inccimpletc, without anus The short esophagus diMdes into two intestines 
which pass backward in the lateral aones of the body and end as blind 
tubes In some cases, (or example, F hepvttca, the intestine gives off manj 
lateral branches 
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The nervous system consists merely of two gangha with connecting 
fibers and several fee nerves 'cihich run posteriorly 

The excretory sj’stem includes numerous scattered excretory cells and 
a senes of fee canals which unite to form an excretory duct which opens 
to the surface in an excretory pore situated 
dotsally or postenorly 

Respiratory and curculatory systems are 
lacking 

Nearly all species are hennaphrodibc, 
having the reproducti%e organs of both 
sexes The male organs consist of tao or 
more testes, usuallj situated near the center 
or back part of the bod> , and a spermatic 
duct uhich ends m a small cirrus or copula 
tory organ at the genital pore nus genital 
^ openmg is generally situated near the 
xentra! sucker The female organs consist 
of an ovary, usually lymg m front of the 
testes, a short oviduct and a coiled tubular 
uterus, which opens to the surface at the 
genital pore The oviduct reccix es the secre- 
tion from the numerous \itelluie or jolk 
glands nhicli he along the lateral borders of 
the parasite The junction of the oxiduct 
and uterus is known as the Dot>'pe and 


t 


Fig 232— The U\er fluke Toj | 
ctola hepaitca showing ulemai | 
stnirture / utesiine Vs , vitel ' 
line gJands Os , ovary O oral ap- 1 
enure, Vt uterus S, venli^ 
sucker, T, testes. The two x-asa ef I 
ferenba can be seen running up l 
ward m the nudline Tie branches 
of the intestine are shosm onJy is * 
the bead-cone Interoedrate host Tig 233 — ^Egg of the bvtr fluke Fasctela h 
IS a water «ina<l, Lmnaeus Iruneu pattca with Ld forced open by pressure on the cover 

tolui Mall. (After Claus ) glass (pbotr^raph, X 250) 

receives the shell materials from neighbonng shell glands hlost of the 
above mentioned structures are shown in figs 232, 233, and 234 

The germinal cells are fertilized in the oviduct by spermatozoa derived 
from the same or another individual These enter by waj of the gemtal 
pore and utenne canal After fertilization the yolk material is added, and 
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the egg then receives the shell substaaa and passes on into the uterus and 
thence to the genital pore TKfe diagnosis of fluke infection rests upon the 
finding of eggs The number of eggs is enormous, somebmes running into 
the tens of thousands The eggs of nearly all species are operculated (pro- 
vided with a lid), the only important excepbon being the several species 
of the genus Schistosoma This genus also Offers from the other flukes in 
that the sexes are separate 

Development takes place by a complicated process of altemabon of 
generations, the intermediate host being usually a snail, mussel, or crab 
In some cases there are two inlermedtatc hosts, parasitized m succes- 
sion The life history of Fasctola hepaiKa may be taken as typical of 
the group 

I, Qenus Fasciola — Fasciola hcpatica — ^The “liver fluke” inhab 
Its the bile ducts of numerous herbivorous animals, especially sheep, 
•where it is an important cause of disease It brings about obstruction 
of the bile passages, mth enlargement and degeneration of the liver — 
“liver rot ' This fluke is readily obtained for study The adult Duke 
IS leal shaped the average size being about 2 8 by 1 2 cm The an 
tenor end projects like a beak (head cone 3 to 4 mm long— Fig 
232) The numerous small vitelline glands he along the lateral and 
postenor borders giving a granular appearance which in stained 
speamens sharply marks off this zone from the central field of the 
body The central field, which has much the shape of the parasite 
itself IS occupied in Us postenor two thirds by the branching tea 
ticular tubules and anteriorly by the ovary and coiled tubular uterus 
which IS usually easily seen because of the eggs which it contains 
Ova appear in the feces of the host They are yellowish brown, oval, 
operc^ated, and measure about 130 to 140 by 75 to 90 u 

The life history of F bepattca is given m some detail because it 
IS typical of the group The eggs pass out with the feces of the host 
After two or three weeks the embryo develops into a abated body 
resembling a abated infusorian, and caUed a vitracidtum If the eggs 
reach water the miraadmm escapes from the shell and swims about 
until It finds a certain water snail, Lmnaetts Irwiculalus Mull , into 
which It penetrates and lodges m the pulmonary cavity Here it 
wAd a. •si’ifiikA (oanv vjjfAi -tA 

of which there develop a number of small wormbke organisms called 
redtae These nugrate to other parts of the snail s body and produce 
a second type of larvae called ccrcarwe, which have much the form 
of minute tadpoles Under certain, conditions the rediae produce a 
second generation of rediae which, m turn, produce the ceccanae. 
The cetcanae leave the host, swun about xn the water, and finally 



CLASS JREMATODA 


541 


attach thenjselves to submerged blades of grass, lose their tails, and 
become en<ysted There they remain until taken into the digesti^’e 
tract of a sheep or other appropriate host Here they again become 
free and find their way up the bile passages to the hver, where they 
develop into adult flukes ^ the case of certain other flukes (for 
example, the lung fluke) the cercariae do not encyst upon grass blades, 



Hg ZS4 — CtmoTcMssin 
ensu, shomog zotemal 
stjTicture oj , Oral sucker, 
fh, pbaryns, utcsuae, 
*-r, ^enUal sucker, ii 
otenis, f, nteUana, cr, 
Ovary, j s , vesicula sem 


but enter the bodies of certain aquatic animals 
(fish, crabs) and there encyst. 

2. Qenus Opisthorchis. — Opisthorclfis 
felineus inhabits the gallbladder and bile 
ducts of the domesUc cat and a few other 
animals Infection in man has been re- 
peatedly observed in Europe, and especially 
in Siberia The body is flat, yellowish red 
in color, and almost transparent It measures 
8 to 11 by 1 5 to 2 mm The eggs, which 
are found m the feces, are oval, with a well 
defined operculum at the narro'ner end, and 
contain a cSiated embryo when deported 
They measure about 30 by 11 n Infection 
takes place through eating oi insufficiently 
cooked fish The hfe history is unknown, but 



raalis, I, tesUs, «, were- 51g 235 — Pboiographs of Fasadoiiu btukt, showing 
tory duct. Bylknta slna the ftpjKannce of fresh sjreumeDs (T W Goddard in The 
luia, var japomca is fint Jour of Puasitolagy, June, 1919} Zntennediate hosts, an 


intermediate host (X 6) koowa speoes of either Fhnorhs or SegnetiiiTia, fresh 
(From Abt’s Pediatrics.) water snails. 


the last intermediate host is a fish (either Idtts melanotus, Leuctscus 
ruhhts, or Tinea tinea) 

3. Qenus Clonorchis. — ClonorcMs sinensis (Fig 234), like the 
preceding fluke, inhabits the gallbladder and bile ducts of domestic 
cats and dogs It is, however, much more frequent in man, being a 
common and important parasite in certain parts of Japan and China 
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The number present may be veij great, over 4000 were counted in 
one case I Jie parasite resembles Optslhorchis fclineus in shape and 
color It IS 10 to 14 ram long and 2 5 to 4 mm broad The eggs have 
a sharply detmed Iid and measure 25 to 30 by IS to 17 IVTien they 
appear m the feces thej contain a abated embryo The fust larv'al 
stage IS passed in a speaes of moHusk Bytlnma sirtatula, \ar japon 
ua, the second m se\eral speaes of fish, from which the larva passes 
to man when tlie fish arc eaten without sufficient cooking 

4 Genus Fasciolopsis — ^Fascfolopsis buski — This fluke (Fig 
235) IS parasitic in the duodenum of man and is widespread m the 
Fast notafal) in India China and Japan A few imported cases have 
been reported in this country WTien in considerable numbers it causes 



F g 2J( — ‘•puturo of man conUimng eggs of the lung fluke, sbout X 131 (»fler Manson) 

a blood> diarrhea accompanied by fever It is the largest of the flukes 
Tlic usual length is about 30 mm , width, 10 to 12 mm , thickness 
2 to 3 mm The eggs are thin shelled, with granular contents possess 
a minute operculum and measure about 135 by SO to 85 p 

Barlow has worked out completely the hfe history of this fluke 
Ninctj one dajs or more arc required for the development of the 
adult fluke from the ovum The cercanae after leaving the inter 
mediate host encj st on water plants that are eaten raw by the Chinese 
Carbon tetrachloride proved an effcctivrc anthelmintic in Barlow’s 
etpcnence 

$ Genus Paragonlmus — ^Paragominus westermaml, called the 
lung fluke, is also a common parasite of man in Japan, China 
and Xorea It inhabits the lung, causing the formation of small cav 
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ities "Moderate hemopt>'Sis IS the pnnapal symptom Ova are readilj 
found m the sputum 236), the worms themselves are seldom 
seen, except postmortem The worms somewhat resemble a coffee 
bean m sue and shape Thej are faintly reddish brown m color egg 
shaped, with the v'cntral surface flattened, and measure S to 10 bv 
4 to 6 mm Tlie ova are thin ^helled, operculated brownish v ellon 
and measure from 87 to 100 hy S2 to 66 u 

There are two mtermediate hosts a moIlusL m which the cercanae 


are fonned, and a fresh water crab (a common article of food in 
Japan) m which they enc>'st The _ 

enej’sted forms ha\-e also been found 
m fresh water snails 

Accordmg to \^ard three distinct 
speaes have been confused under the 

name P ireslermantt The ongmal form, \s\ 

P veslermanti, found m the tiger, the } I 

American lung fluke, P heUtcollt, thus 1 

far found onlj in cat, dog and hog, I J 

and the Asiatic lung fluke of man, /{ / 

P nngm, described above tt I 

6 Genus Schistosoma — (OSchis- lyj' 

losoma haematobium — This trematode, /y 

£requentl> called Btlkar-ta haerratobvi, 

IS an extremely common cause of disease 

(bflhaimasis or Egyptian bematuna) m ^ 

Northern Africa, particularly m Egypt N 

Unlike the o^er flukes, the sexes are Jj 

separate The male is 12 to 14 mm long 

and 1 mnL broad The body is flattened 237 — \ bluiy’ fijke, Schis 

and the lateral edges curl ventially , taaie zsd re- 

forming a longitudinal groove, m (X I2) (»rter L^) la « 

t. 1. / 11 /T- ^1-t. crdaie bost3 »re snails, 

which the female hes (Fig 2o7) The Pkjt 7 pmefruw 

latter is cylmdne m shape, about 

ZO mm fong and 0 25 mm m ciameter The eggs are efongafed ovafe 
about 120 to 190 ^ long and 50 to 73 p broad v ellowisb in color 
and elightly transparent Th^ possess no hd such as cbaractcrues 
the eggs of most of the trematodes, but are provided -mth a thorn 
like spine which is placed at one end (Fig 23S) Ulthin is a ciliated 
embryo 

In man the worm lives m the veins, particularly those of the 
bladder and rectum, leading to obstruction and inflammation The 
eggs penetrate into the tissues and are prir^nt in abundance in the 
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mucosa of the bladder and rectum They also appear m the urine and 
less commonly, m the feas 



Fjg 239— t WihspMieDUtonocus 2 wiclumpof rtd 
blood ezHs 3 apparently OTifertibied 4, usual appearance (pbotographs X 250) Tater- 
mediate hosts are uuQs, P/a>*or3 </ ot Ptoiurbu etntnmenlralu 

The hfe history is similar to that given for Fasciola hepaltca A 
speaes of snail serves as intcnnedtate host, and infestation of man 
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apparently takes place both by mouth and through the sUn The 
tadpole hke cercanae have forked tails 

(2) Schistosoma mansom — has long been observed that schis- 
tosoma eggs m the urme have usually a termmal spine, while in the 
feces the lateral spine is more common It is now knowm that the 
lateral spined egg is that of a distinct speaes to which the name 
Scimlosoma mansMi has been given It is found m Afnca along with 
Schtslosatna haemalolnuin, but is cspeaally prevalent in the West 
Indies and Central America The adult worms closely resemble the 
male and female of S hatmalohtum They inhabit the rectal and portal 
\ems, and ova appear m the feces, where they are very easily rec 
ognized from their size and the charactenstic spine (Fig 239 and 
Plate XU) They are light yellow in color, measure 112 to 162 by 
60 to 70 /i, and are provided with a dean cut, sharply pomted spine, 
which IS situated at the juncture of the last and third quarters of the 
egg, and is directed backward Within the egg is a ciliated embryo 
(miracidium) which can be seen without difficulty The life history 
IS very sumlar to that of S haemalobtum 

(3) Schistosoma japonieum resembles S haemalohim morpho* 
logically, but both the male and female are smaller The ova, which 
appear m the feces, are ovoid tbm sbeUed, and without hd or spine 
They average 83 by 62 /i m size, and contain a rihated embryo The 
worm inhabits the portal, and probably also other veins A fresh 
water snail (some species of Planorhs) serves as intermediate host 
The nee fields are often the place of infection 

Cuss CCSTODA 

The cestodes, or tapeworms, are very common parasites of both 
roan and the animals In the adult stage they consist of a hnear senes 
of flat usually rectangular segments (proglottides), at one end of 
which IS a smaller segment, the scolex or "head and neck,” espe 
aally adapted by means of sucking disks and booklets for attachment 
to the host The senes represents a colony, of which the scolex is 
ancestor The proglottides are sexually oimplete hermaphroditic m 
dividuals which are derived from the scolex by budding and the seg 
ment most distant from the scolex is thus the oldest With the excep- 
tion of the immature segments, near the soilex each contains a uterus 
filled with ova 

hi general each proglottis (Fig 240) contains the same reproductive 
organs with the same functions as have been described for the trematodes 
(p 539) These are not found in the young segments adjacent to the scolex, 
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but are fully developed m the middle and latter part of the chain, the male 
organs maturing firet The testes generally consist of a great number of 
very small glands scattered throughout the segment. Their ducts unite to 
form a single vas deferens leading to the genital pore, which is situated 
either upon one lateral border of the segment or upon its flat surface. 

The sperms from the same or another proglotUs reach the genital pore 
and are carried by a tubular vagina to the oviduct which is situated in the 
posterior part of the progloltis. Here the geminal cells derived from the 
two ovaries are fetUlired and receive their yoU. material which is the secre- 
tion of numerous viteUine glands as in the case of the trematodes The 
eggs pass mto the ootype, where the shell substance is added, and thence 
on into the uterus The uterus is either a convoluted tube which opens In 



Tjg 240— Diagram of the anatomy of a tapewonn {Tatnta sasiMta)' 7", Testes, Vd, 
vai dderens, C, omis, Cp, geniUl pore, Va, vagina, Rj, receptaculum seminis, Vlg, vitd 
line glands, yid vitelline duct, Sg, shell glud, Ov, ovanes, Ul, uterus, side branches col 
yet deviloped, at the sides are the two longitudinal nerves, also the excretory canals (Extl), 
whidi are connected by a transverse anal in each segment, {from Rjvas’ Ilunian Para- 
sitology ) 

a birth pore (separate from the genital pore) upon a flat surface of the 
segment, usually anteriorly, or it is a closed sac which extends IongitudinaU> 
in the midline, and as it fills with eggs sometimes comes to have lateral 
branches In the latter case there is no birth pore and the eggs accumulate 
until the segment is packed with them, when the male organs and sometimes 
also the ovaries atrophy; the eggs are liberated only when the proglottis 
disintegrates 

The excretory apparatus consists of numerous scattered excretory cells 
with capillaries whidi empty into four excretory canals running the full 
length of the chain, two near each lateral border, and emptying posteriorly. 
In some species tliese communicate by a cross canal in each proglottis 
Also ruining the length of the (dtain, near the lateral borders, are two or 
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more nerve cords denied from ganglia m the scoles There is no digestive 
sj’stem, the parasite taking its nourishment by absorption through its 
surface Circulatorj and respiratory systems are also absent 

All the tapeworms pass a larval stage m the tissues of an mtermediate 
host, which IS rarely of the same speaes as that which harbors the adult 
worm Withm the ova which have developed in the proglottides of the 
adult wT3nn, and which pass out with the feces of the host, there develop 
embrjos, or oncospheres, each provided wnth three paurs of homy booklets 
WTien the egg is taken mto the intestine of a suitable animal the oncosphere 
15 hberated and penetrates to the musdes or viscera and there, m the case 
of most of the tapeworms, forms a cyst in which develop usually one, but 
sometimes man> , scohees, which are identical with the head of the adult 
worm ^\^len the flesh containing this cystic stage is eaten without sufficient 
cooking to destroy the scolices the latter attach themselves to the intestinal 
wall and produce adult tapeworms by budding The oncosphere of some 
of the tapew orros leaves the egg in the open and exists for a time as a free 
living larva before entering the intermediate host 

Ordinanlj only the adult stage occurs m man In the case of 
Taenia echinococcus only the lar\al stage is found Taenia sohum 
ma> infest man in either stage, although the c>stic stage is rare 
The large tapeworms Taenta saginata T sohum, and DtphyU 
hbolhrtim latum, are distinguished from one another mamly by the 
structure of the scolex and of the uterus The scolex should be studied 
with a low power objective or a band lens The uterus is best seen 
by pressing the segment out between two glass slides 

Usually the patient picks out the main body of the worm and 
brings It m tnumpb but too often the small head is lacking and 
one js left to guess whether it was lost with the feces After a con 
siderable portion of the worm has been expelled, some weeks or months 
may elapse before ova or segments again appear in the feces 

Since the head, or scolex, is the ancestor from which the worm 
is formed m the intestine, it is important after giving a vermifuge, 
to make certain that the head has been passed vath the worm Should 
It remain a neir norm mil develop The technic described by Alagath 
and Brown has proved most satisfactory at The Mayo Clime. The 
patient is prepared by having him abstain from lunch and supper on 
the day previous to treatment, although black coffee or tea may be 
taken freely At 6 p ir he takes from 15 to 30 Gm magnesium sul 
fate and the following morning at 6 a ir he takes the same dose 
He is allowed no breakfast and after his bowels have moved, he is 
given 30 c c of the following emulsion OJeoresmae aspidu 3 Gm , 
pulv acaciae 4 Gm , aqua dist q s 30 c c One hour later he is 
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given a second 30 c.c. of the same emulsion. Two hours later he is 
given 30 Gm of magnesium sulfate; two hours after this a large soap- 
suds enema is pven All stools are saved in a container and taken, 
together with the stool passed before the administration of the drug, 
directly to the laboratory. To make sure of finding the head the entire 
quantity of feces is passed through a coarse sieve (Fig 241). 

The principal tapeworms found in man belong to the genera Taenia, 
Hymenolepis, and Diphyllobothrium. 

I. Qertus Taenia. — (1) Taenia saginata. — This, the beef tape- 
worm, is the common tapeworm of the United States, and is widely 



Pig 241 — Apparatus used for recovery of the beads of tapevrorais. The sieve is a No 
20 mesb Tbe enamel pan is painted biack with aspbait paint. The vrooden applicator pouts 
to tbehead which IS relatively much smaller than Ibesegments usually seen by the patient. 

distributed over the world Its length is ^eralJy about 4 to 8 meteis 
The scolex is about the size of a large pin-head (1 5 to 2 mm. in di- 
ameter), and is surrounded by four sucking disks, but bas no book- 
lets (Fig 242) The neck is about I mm. wide. The terminal seg- 
ments, which become detached and appear in the feces^ measure 
about 18 to 20 mm long by 4 to 7 mm wide. The genital pore h'es 
at the top of an elevation upon one of the margins of the segment, 
and the side upon which it is situated alternates in adjoining seg- 
ments The uterus extends along the midline of the segment and 
gives off twenty to thirty branches upon each side {Fig 252, a). There 
is no birth pore. Malformations of segments are frequent. 
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Tbe larval stage is passed in the muscles of various animals, espe- 
dally cattle. It rarely or never occurs in man, hence there is little 
or no danger of infection from examining feces. 

The scolex is ingested with the meat, its capsule is dissolved by 
the digestive juices, and it attadres itself to the intestinal wall by 
means of its suckers It then develops into the mature worm, which 
may grow very rapidly, even as many as ten segments being formed 
in a day. 

Diagnosis rests upon the hnding of segments, which usually come 
away singly, or of ova, in the feces Since there is no birth pore the 
ova appear only when ripe segments disintegrate in the intestine, 
which, however, is a common occurrence. They are spheric or ovoid, 
yellow to brown in color, and have a thick, radially striated cortex 

1 


Fig 242 — Head of Taenia laginala, showing lour sucking disks (X 15) 

which is commonly railed the shell, although strictly speaking it is 
not a true egg dieU since it is produced by the embryo (Fig 243 and 
Plate XU). Within them tbe six hooUets of the embryo (oncosphere) 
can iKually be made out as three pairs of parallel lines The size of 
the ova varies from 20 to 30 .i» wide and 30 to 40 ./i lon^ Surrounding 
the egg, particularly when pressed out from the worm, is sometimes 
seen a broad transparent slightly granular zone called the vitelline 
membrane. Vegetable cells, which are generally present in the feces, 
are often mistaken for these ova, although there is seldom any great 
resemblance. 

(2) Taenia solium, the pork tapeworm, is very rare in this coun- 
try. It is usually much diorter than Ta^iia saginaia. The scolex 
is about 0 6 to 1 mm . wide, is surrounded by four sucking disks. 
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and has a projection, or rostellum, with a double row of homy book- 
lets, usually twenty-six to twenty eight in number (Fig. 244). The 
terminal segments measure about 5 to 6 by 10 to 12 mm. The uterus 
has only seven to fourteen brandies on each side (Fig 252, b). 

The cysticercus stage occurs ordinarily in the muscles of the pig, 
but is occasionally seen in man, most frequently affecting the brain 
and eye (Cysticercus cdluhsae) There is, therefore, danger of infection 
from handling feces. 

The ova so closely resemble those of Tamia sagimla as to be prac- 
tically indistinguishable They average about 31 to 36 u in diameter 
and are usually spheric (Plate XU). 

(3) Taenia echinococcus.— The mature fonn of this tapeworm 
inhabits the intestines of the dog and wolf, never of man The larv'ae 
develop in cattle and sheep ordinarily, but are sometimes found in 
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Tig 243 —Eggs of TofnKi tastnola, magmficatioDS 100, 250, and 500 diameten fphoto 
graphs). 

man, where they give rise to echinococcus or "hydatid” disease The 
condition is unusual in North America, but is not infrequent in Central 
Europe, and is common in Greece, Iceland, Australia, and South 
America. 

The adult parasite is 2 5 to 5 mm long, and consists of only four 
segments (Fig 245) It contmns many ova, which resemble those of 
Taenia saginata. UTien the ova reach the digestive tract of man the 
embryos are set free and fmd their way to the liver, lung, or other 
organ, where they develop into cysts, thus losing their identity. The 
cysts grow very slowly, and after many years may attain the sixe of 
a child’s head. Other cysts, called "daughter cysts,” are formed with- 
in these The cyst wall is made up of two layers, from the inner of which 
(the so-called "brood membrane”) there develop larv’ae wluch are 
identical with the head, or scole^q of the mature parasite These are 
ovoid structures 0.2 to 0 3 mm long. Eadi has four lateral suciers 
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and a rostellum surmounted by a double drcular row of homy book- 
lets The rostellum with its booklets is frequently invaginated into 
the body. 

Diagnosis of echinococcus disease may be made in several ways' 
(a) The complement-fixation method fe reliable The best antigen 
is cyst fluid, filtered through cotton and preserved with 0 5 per cent 
phenol, and the dose used in the test is one third or one fourth the 
anticomplementaiy unit. It keeps well, but just before use it should 
be heated at 60® C. for from fifteen to thirty minutes to reduce anti- 
complementary activity Fluid from cysts in sheep can probably be 
obtained from the abattoirs of the large packing bouses by special 
arrangement Adequate controls should be run, mcluding a strongly 
positive syphilitic serum 



Fig 244— tlead of ionium Okloskt Fig 245— tehnneoauz, enlarged 

and Feiper) (Mosler and Priper) 

(&) The predpitin test is described on pages 662 to 665. 

(c) The cutaneous reaction, using cyst fluid applied upon the 
skin, as In von Pirquet’s test, or intradermally, as in the Mantoux 
test (Casoni test) is also reliable if adequate control tests be made. 
The reaction may appear within a few minutes, it is characterized by 
a large wheal, with pseudopod formation, and a rone of erythema. 
Rose and Culbertson^ have reported that antigens prepared from a 
number of different cestodes pve podtive skin reactions in Echino- 
coccus disease similar to the Casoni test. These antigens also can be 
used for the complement-fi.xation test. 

‘Resell M , aad Culbertson, J T.jAriiasnosuof Echinococcus CHjrdaUd) Disease, 
Jour. Am. lied Assa , U5 594-59S (Aug 24), 1940. 

Culbertson, J T., and Rose. H M - n«^er Observations on Skm Reactions to An- 
Ugens ('om Heterologous Cestodes to Eclunococcus Disease Jour. Qia. lavest, 20 249- 
254 iUay), 1941. 
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(d) Iilicroscopic exaimnation of the Q^st fluid obtamed at opera 
tion or autopsy is decisive It is, however, unwise to make an explora 
toiy puncture because of the danger of leakage of the fluid into the 
tissues or pentoneal cavity This nught induce anaphylactic shod, 
or, at least, spread the disease by implantation The cyst fluid is 


[ ». t tjl,' ■J , • aak 

s.'' V‘'V *&• 

. j (.«.!. I... tthnceeceut from hepatic cyst (pho tesrophj 

about X SOO) 


k»».< _ _ . — 

Fig 24fi— ScoIicesandfreehooUetsof 


cleat, between 1 009 and 1 015 in spcctfic gravity, and contains a 
notable amount of sodium chlonde, but no albumin Positive identi 
fication of the fluid depends upon detection of scolices, free hookJets 
whidi have fallen off from degenerated scobces, or particles of cyst 



A B 

Fig 247 — Scohees of Taenia ethiucaecuf from an hepatic cyst A Portion of a de- 
gentrated ecolex showing circle of hooUets V » weU preserved scolex with crown of hook 
lets mvagioated a common appearance (photographs X 250) 

wall which are characteristically laminated, and usually have curled 
edges The lamination is best seen at the tom edge of the membrane 
All of these structures can be found m fluid from the cysts or, less 
frequently, m the sputum or the unne, when the disease involves the 
lung or kidney (Figs 78, 24fi, and 247) In such matenal the scobces 
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ire usually much degenerated, and many of them have entirely lost 
ihe booklets The scohces and booklets are readily found widi the 
I6-mm objective Thp latter require a high power eyepiece, owing 
to their pale color and small size, but, when they are found, their 
appearance is striking and charactenstic (Fig 246) Their length is 
about 25 to 40 /i 

The statistics of Vegas and Cranwell, also of Greenway, of more 
than 2000 cases m South Amenca show more than 75 per cent local 
ization m the hver Magath’s report of cases m the United States 
since 1902 showed localization m the U\er m 69 cases, m the pento 
neum m 10, in the lungs in 4, in the kidneys m 4, m the omentum m 
4, and cysts elsewhere in 13, a total of 104 organs affected m 93 cases 
Although a few cases have been reported in which the disease affected 
natives of the United States, m 95 per cent of the cases observed in 
this country the patients have been foreign 
bom 

2 Genus Hymenofepis — (1) Hymenolepis 
nana, the dwarf tapeuorm (Figs 245 and 
249), IS 1 to 4 5 cm in length and 0 4 to 
0 7 mm m breadth at the widest part The 
head is about 0 3 mm broad and has a retract 
able rostellum with a crown of twenty four to 
thirty booklets Its shape is generally described 
as globular, but depends somewhat upon the ri; 248 —Dwarf upe* 

condition of the worm when killed The seg {nym€n«tepu 

ments number 150 to 200 Here b no birth 
pore, and the eggs escape through disintegra sue 
Uon of the segments 

Diagnosis must, in general, depend upon the discovery of ova in 
the feces, smce the worms themsehes axe usually partly dismtegrated 
when they leave the body and are recognized with difSculty The ova 
are colorless, semitransparent, nearly spheric and contain an embrjo 
surrounded by two distinct membranous walls between which is a 
broad zone of gelatinous substance (Fig 250) The outer membrane 
is about 35 and 45 p in its short and long diameters The mner a\er 
ages about 22 by 28 /i, and at each pole has a slight projection pro- 
vided with mdistinct filamentous proi^es, which may he between 
the two membranes in such a way as sometimes to simulate a third 
membrane The embtjo, of whidi only the three pairs of hooUels 
are clearly seen, fills the space within the mner wall 

The worm is common in Europe and Amenca, and is probabl> 
the most common of all the tapeworms of man in the Umted States 



5S4 


ANIUAt PARASITES 


It IS most frequent m children, particularly in orphanages, and is 
generally present in large numbers, producing considerable digestive 
and nervous disturbance Its small size, the fact that it is more Or 



Fl? A')— Dwarf up< -om (bead nuddlrirptsmls asdtenoiiu 

Kgmeats No(e ibe procruded ratcllum sod tbe Uum suckers. From stajoed and aounted 
speatoens (photographs X ^0} 

less disintegrated m the intestine and, especially, the infrequency of 
routine microscopic e.Tammatioo of the feces account for the failure to 
recogr^c its prevalence m the past Now that attention has been 



fig 250 — Ova of nans In feces The egg to the right was compressed by 

pressure upon the cover glass (photographs) The figure at the left u tnsgmfied 250 di 
ameters the other tno 500 diameters. 

directed to it undigested banana fibers m the diarrheal stools of chil 
dren have been very frequently mistaken for it (see Fig 203) 

The mode of dissetmaation is not definitely knoivn It is pre 
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siuned that the ova are transmitted to man through (xintammation of 
food by excrement of rats and mice A similar dwarf tapeworm which 
IS now believed to be identical with H nana is a very common para 
site of rats Apparently both larval and adult stages occur in the 
intestine of the same host A larval stage has also been found m 
certain insects 

(2) Hymenolepis dimiauta is a annmon mtestinal parasite of 
rats A few cases of infection m man have been reported m America 
The parasite measures 20 to 60 cm m length, is very narrow and is 
composed of 600 to 1300 segments The scolex lacl^ booklets The 
ova resemble those of E nana, but the outer shell is thicker and 
sometimes radially stnated, and the filamentous processes between 
the two membranes are lacUng The egg is 56 to 80 m diameter 
and the inner shell, which contains a six hooked embryo, measures 
about 24 by 40 p 

3. Genus Dip>lidium — Dipylidium canmum, sometimes called 
Taema elUphca is a very common tapeworm of dogs and cats Its 
length IS IS to 35 cm The head, globular in shape, is armed with 
booklets Terminal segments are shaped like cucumber seeds S to 11 
mm long and 1 5 to 3 mm broad Ova are spheric 43 to 5D n m di 
ameter, and thin shelled They contain a six hooked embryo 32 to 36 
n m diameter The eggs are grouped m packets of eight to fifteen, 
and are usually passed from the bowel witbm the proglottides 

The intermediate host is the (lea or louse Infection of human 
beings IS rare, and is mostly confined to children who are probably 
infected from getting lice or fleas of dogs or cats into their mouths 

4 Genus Diphyllobothrium — "Diphyllobothnum latum (Di- 
bothnocephalus latus), the fish tapeworm sometimes reaches 12 
meters in length although it is generally not more than one half or 
one third as long ^^Tlen several worms are present they are much 
shorter often only 1 5 to 2 meters The head is a flattened ovoid, 
about 1 mm broad and 1 5 mm long It is unprov ided with either 
suckers or booklets, but has two longitudinal grooves which serve the 
same purpose (Fi^ 251) The length of the segments is generally 
less than their breadth, mature segments measuring about 3 by 10 
or 12 mm The uterus whidi is situated in the center of the seg 
ment is roset shaped (Fig 252, r:) and brown or black in color The 
ova are discharged through a bir& canal and are not retained until 
the proglottid disintegrates, as is the case with tapeworms of the 
family Taenitdae The number of segments sometimes exceeds 3000 
As a rule, they do not appear m the feces smgly, but in chains of con 
siderable length 
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The o\a ore usxially casjly found In the feces without resort to 
concentration methods, although they may be scarce or absent for a 
short tune after passage of a con^derablc portion of the worm The 
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opposite the Ud, which is helpful in distinguishing this egg from that 
of the flukes. This may be seen, although not dearly, in Plate XII 
When the eggs reach water a dliated embryo develops and hatches 
in about two weeks. This swims about until it finds a minute crus- 
tacean, cydops, which is the first intermediate host. The crustaceans 
serve as food for fish, and the larvae thus reach the second intermedi- 
ate host. Th^ do not form <ysts, but live in the musdes and certain 
organs of the fish as wonnlike structures (plerocercoids) which may 
grow to a length of 2 or 3 an. These are the infective larvae, and are 
found in various fish, notably the pike,, burbot, grayling, and certain 
trout. Infection of man prevails only in repons where these fish are 
found. It is very common in Japan and in various countries of Europe, 
especially Ireland and the countries on the Baltic. Many cases of 



infection have been reported in this country, a few of which were 
undoubtedly acqxdted here. Any locality in which cydops and the 
favorable fish are native becomes a possible center of dissemination 
if the worm be introduced by infected immigrants. The longevity 
of the worm in the intestine is difficult to determine. Riley has re- 
ported a case in which the worm existed for at least thirteen years. 

Diphyllobothrium latum is interesting clinically because in many 
cases it causes a very severe grade of anemia, which is indistinguish- 
able from pemidous anemia. Why it should produce anemia in some 
cases and not in others is not altogether dear. There is apparently 
some factor other than the mere presence of the worm. In a case of 
Todd's in which six worms with a combined length of 75 feet were 
present there was no appreciable anemia. The anenua is probably con- 
nected with absorption of hemolytic poisons from segments disin- 




55S 


AVtMAL rARASITES 


Icpratmg m Ojc intestine and maj be absent nhen tbe segments are 
habi{uall> passed intact Losinopblia nia\ cxi<t, but is not usual 
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Ct*^ NtMlTODi 

Tbe nematodes, or round wnns are cj lindric or /usiform norms 
^arjitiR tn length, according to «pccies from 1 mm to 40 or SO cm 
As a rule, the «excs arc separate, and the male is smaller and more 
slender than the female In a fen C3<cs the female \i\ipirous, in 
mo<it cases she dcjwsus Q\a which are characicnslic, «so that the 
finding of a *iinglc egg ma> c<tabhsh the <b3gnosis The life hislorj 
in some cases is simple, in others compbentcU U will be dealt with 
m ibc desajptions of tbe sewnil spcacs In gcncnl the %oung art 
diflercnt from tlie adult and must pass a certain larx-al stage of de* 
xtlopmenl before again rcadung a host /\n intermediate host is 
bone\cr ncccssarv wth on}> a few species 

The riigoint tract of the nenutodes is complete The mouth » at 
the Up of dc antenor end and is frequenih surrounded bj thick hps or 
papillae fie esophagus u a iWck mucubr tul<c with radially arranged 
fibers the posterior end there is a butbous cxfiansion or there rni} be 
!l ccesUtr.Ucn. la lie middle witii an. anUw/ic anti a. ^mretwe ex^aiulon 
(fig 2^9) Tl e InlfStne is a stisigl t thin rkallrd lulie, ending m an anus 
near tl e up of the postencr rnd of the norm 

The escrelory sja'em » drained b> two lateral cimls which usually 
urile a'-lrnt rl) and end in an eacxrti ry pore on the ventral surface near 
the noutli Tl c rTi''Ous s^'^ten tmsuts of a nerve ting at tl c head end 
a d <rT<il and a Nvntral nerve cord, and circular tniJgts cf nntcUng the cord* 
\a«cular ard re^nTalOTV s>'steirsatt IscIitk 
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The generaU^e organs of the male consist of a single sinuous tube 
which IS duTsible into testis, spermatic duct, seminal vesicle, and ejacu 
latory duct TJie last opens into the terminal portion of the rectum, which 
IS known as the cloaca \\ iihin the cloaca arc one or two spicules or copu 
iatorj organs which maj be projected and retracted The generativ'e organs 
of the female usualh consist of two extcnsii'cly coiled tubules, each divisible 
into orarj, oviduct, and uterus These unite to form a short i-agma which 
opens upon the \ entral surface of the body posteriorly or near the middle 

Betiseen the mlcmal organs and the ectoderm is a cavitj containing 
l)Tnph 

1. Genus Anguillula. — Angmllula aceti — This worm, commonly 
called the "vnnegar eel,” is usually present m vinegar A drop of the 
vinegar, particularly of the sediment, vail frequently show great 
numbers, all in active motion Males about 1 or 1 5 mm long, females, 
some-ahat larger and frequently containing several coiled embryos, 
and young, of all sizes up to the adult (Fig 79, p 159) 

The vnnegar eel is nev er parasitic, but is occasionallj met with as 
a contamination in the unne ^ 159), and has there been mistaken 
for the larva of filana or strong>loides 

2, Genus Ascaris.— Aseans lumbncoides —The female is 20 to 
40 an long and about 5 mm thick, the male, from 15 to 17 cm long 
and 3 ram thick They taper to a blunt point anlenorij and pos- 
teriorly (Fig 254) Their color is reddish or light brown 

At the anterior tip are three small papilla like lips wbch can 
easily be seen with a hand lens The posterior end of the male curls 
ventrally, and the cloaca near the posterior tip is provided with two 
copulatory spicules about 2 ram long The vulva of the female is 
situated on the ventral surface at the junction of the anterior and 
middle thirds of the body 

The common round worm of the hog, Ascarij sutlla, is identical mor 
phologically with A lumbncoides, although somewhat smaller, and since 
It IS easil> obtained at slaughter houses serves well for class studj The 
mteresting precipiUn experiments of Sebwarta' suggest that the tuo para 
sites are identical biologically The similar but much smaller ascands so 
frequenU> present m cats {Belascarts call) and dogs (Toiorcarircauis), and 
commonly kno'i\'n as “stomach worms," have been reported some ten or 
twelve times in children They produwd slight or no symptoms 

Ascaris lumbncoides is the common "round worm” so frequently 
found m children Its habitat is the small mtestine Usually sev eral 

•Schwart* B The B ologic&l Relabon^pt o( Aacands Jour Parasitology 5115- 
123 (Mar), 1920 
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individuals are present and sometimes many, even 200 or more 
Symptoms — nervous and gastro intestinal — may or may not be evi* 
dent, ^^'ben numerous the worms may form abdominal tumors of 
considerable size, or even completely block the intestine Adults are 
much less susceptible to infection than are children. 

The diagnosis is made by detection of the worms or their ova in 
the feces The worms (Fig. 2S4) seldom appear except as a result of 
anthelmintic treatment The eggs are generally numerous As a rule, 
microscopic examination of the feces shows one to several upon 
every slide, even when no more than one laying female is present 
in the intestine Typical fertilized egg^ arc easily recognized They 



are elliptic, measuring about 45 to 50 by 60 to 75 it, are yellow to 
brown in color, and have an unsegmented protoplasm There is usu- 
ally a crescentic clear space at each pole between the contents and 
the shell (Fig 255) The shell is moderately thick and smooth, and is 
covered with an irregular albuminous coating which gives it a roughly 
mammillated or sculptured surface (Fig 256) Sometimes this coat- 
ing is lost and the surface of the shell is then smooth WTien only 
females are present in the intestine, and occasionally at other times, 
one finds unfertilized eggs. These are generally more elongated, 
have a thinner shell, and are filled with coarse granular contents 
which obliterate the crescentic dear spaces at the ends Many are 
roughly globular and some are so extremely irregular in outline 
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(Fig 257) as to bear little resemblance to an egg Such unfertilized o\ a 
have doubtless many times passed unrecognized even by clmical 
rmcroscopists of some expenence 

The life history of A hmhrtcotdes has been Trorked out in detail by 
Steivart, Ransom and Foster, and Yoshida, and is more complicated than 



Fig 2^5 -^>va of Aseofts lumbfMtin m fresh feces (photographs X 2<l> 


was formerly supposed The eggs pass out of the host's intestine in the 
unsegmented form desenbed above Segmentation of the germ cell and 
development of the erabou take place m the open Usually by the end of 
thirty davs, not less than eighteen days even under meet favorable condi 
UoQs the egg comes to con tarn a wormhke embryo which remains without 
further development until taken into the intestine of an appropriate host 



u t 

Fig 256 — ^Egg of Ascaru tumirUMdei, surface view (photograph X 250) 

I'he eggs are extremely resistant and m the temperate zone may pass 
the winter without injury Formaldehyde and certain other germicides 
have bltle injurious effect Apparently they harden the albuminous envelop 
Md fail to penetrate In the 5 pet c*nt formalm used for preserving feces 
for class demonstration many of the ^gs txmtmue slowly to segment, and 
some fully mature and remain alive ev’cn for a > ear or more Phenol and 
the ctesol preparations are most effective in destroying the eggs 



5^2 


AMiiAL PARASITES 


Unnpc eggs are not infective If ingested they pass harmlessly through 
the intestine When, upon the other hand, matured eggs are mgesled, the 
enibr)oslea\ethesliellswnthm twelve toeighteenhours Thej thenmigrate 
to the lungs chiefly by wiy of the blood vessels, but also by boring through 
the tissues piercing the intestmal ■wall and the diaphragm m their course, 
and pcnelialing into the lung from the pleural cavity In expeiimenial 
animals stray larvae can be found m the peritoneal cavity, and in the hver 
spleen, and other abdominal organs During migration the larvae undergo 
a process of development and grow from a length of 0 25 mm when in 
the inlestme to 1 5 or 2 mm m the lung Fmahy they appear m the tradiea 



Fig 2S7 — VrSetliiiztdoszoI AseartflumBneouIa showing thegreat irregulantym shape 
Some of these eggs sre estremely <lifficuU to identify (photographs X 2S0) 

migrate (or are earned in mucus) to the mouth, thence down the esophagus 
to the stomadi, and on to the small intestme, where each grows into the 
familiar adult ascarid In experimental animals the cycle of migration from 
the mtestine and back to it agam, is completed in eight days or more The 
abdominal organs are apparently not mjured by the passage of the larvae 
but the lungs show considerable hemorrhage fhis has suggested by 
Ransom as a possible important cause of pulmonary disease, even pneu 
monia, in children 

3 Genus Cntcrobius. — Enterobius vennlculans (Oxyuns ver- 
mlcularis) — It is the well known "threadworm” or “pinwonn” which 
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matures in the small mtestme and cecum and m the adult stage 
inhabits the colon and rectum, especialli of young children Its pres 
ence should be suspected m all unexplained cases of pruntus am 
The female is about 9 to 12 mm long, the male, about 3 to 5 mm 
(Fig 258) 

The cuticle is transversely stnated At eadi side of the head is a 
thin, transversely stnated, cuticular expansion, which is usually 
prominent (Tig 259) The bulbous esophagus can generally be clearly 
seen The postenor end of the male is curled ventrall} and near the 
tip IS provided with a single copulatory spicule The postenor end of 
the female tapers to form a straight, sharply pointed tail The vulva 
IS situated at about the junction of the antenor and middle thirds of 
the bodj 

The worms are not mfrequentlj found in the feces particularly 
after a copious enema the ova, rarely The latter are best found 
by scraping the skin with a dull ^ife at the 
margm of the anus where they are deposited by 
the female, who wanders out from the rectum for 
this purpose thus producing the troublesome itching 
Thej are colorless and asj mmetncallj oval with 
one flattened side arc about 30 m long bv 16 to 23 n 
wide have a moderately thin double contoured 
shell, and when deposited contain a partially de 
veloped embrjo (Fig 260, and Plate \II) The 
diagnosis is best made bj giving a purgative or 
a copious enema and searching the stool for the 
adult worms It is essential to examine the stool by the method 
given on page 473, best m a large Petn dish ov er a dark background 
placed some distance below Unless the water be perfectly clear the 
very small male pmwonns are almost certain to be overlooked (Fig 
261) 

Infection takes place throu^ swallowing the ova Auto infection 
is likely to occur m children, the ova cling to the fingers after scratch 
mg and are thus earned to the mouth This is the greatest hindrance 
to successful treatment Diagnosis can sometimes be made by finding 
the ova m the dirt beneath the fingernails 

Hall’ has devised a cellophane-tipped, anal swab which is very 
useful for obtaining matenal to be examined for pmwonn eggs This 
IS known as the NIH swab (Tig 262) For the diagnosis of pmwonn 
infestation it is best to make at least four swabs early in the monung 

C. StudiesonOxyunasis.I.'^pesof Anal Swabsand Scrapes, wiUisDe 
senpuon of aa Improved Type of Swab Amer Jour Trop lied 17 443-453 (llay) 1937 



Ttg 2*3 
tertibius termieu 
leru male and fe- 
male natural sire 
(after Heller) 
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lie 2S9— Head and tal of fematc *^ovrorn)” EiUeretiM ^ennKuIcfis A Head 
showing the two cuticular appendages usd the be^mng of the csophagns with lu bulbous 
ecpaosioos B Ud showing sharply pouted tip (X 25) Compate mth fig 267 



F5g 2tO —Eggs ol EnlerrfiiBJ »rTt»MtularH e rrwbly deposited, with tadpole-hit 
embryo b, twelve hours after deposition with senatode-Uie embryo fX 500) (After 
Faotham Stephens and TbeobalJ 1 



fig 261 — ^Tbree male pmwonns {Enurfbiu* ttnmetitaHi) Note the curled tail (photo- 
gnphXlO) 
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on different days, and preferably not on consecutive daj^, before a 
negative finding is accepted as evidence of the absence of pinwonns. 

Kofoid and White have reported the egg of an unhnown nematode 
evidently related to Enlerohiits vermiculam in the feces of 429 recruits among 
140,000 examined at Camp Travis, Terns, These men came from 22 states. 
Adults or larvae were not seen, and the name Oxy^iris incognita was tenta- 
tively given. Sandground more recently showed that these ova are those 



Tig 262 — NIH anal swab (Qi t^Uy aad Co ). 


of the free-Uving root nematode, Beterodcra radicicola. These ova may be 
ingested with vegetable salads, and pass unchanged through the alimentary 
tract. They are larger than those of any Lmnvn human intestinal nematode, 
ranging up to 68 by 133 p, and averaging about 40 by 95 /t 

4. Genus Filaria. — (1) Filaiia bancrofti. — ^The adults are thread- 
lihe worms, the male about 4 on , the female about 5 cm. long. They 
live in pairs in the lymphatic channels and glands, espedally those 



S66 


ANIUAL PASASITES 


of the pelvis and groin, and often occur in such numbers as to ob- 
struct the flow of lymph. This is the most common cause of elephan- 
tiasis and chyluria. Infection is xtry common in tropical and sub- 
tropical countries, where in some regions as high as 50 per cent of the 
natives harbor microfilariae. Even as far north as Charleston, S. C , 
Johnson has found over 19 per cent of infection among the poorer 
classes Of these, only one fourth showed any symptoms referable 
to the filariae. Surveys in other parts of the southern states have 
shown much lower percentages of infection. 



Hg 263 — ntinal Ian’s in Wood 
(pholograpb X 300) the lana >$ cod 
traded, hence appears someirbat less 
stendtr Vbaji n usual. (F rom Beattw and 
Dickson's A Text book of General Path 
olog), by kind permission of Wifham 
llememann Publisher) 


'The female is viviparous, and 
produces vast numbers of larvae, 
which appear in the circulating 
blood. These are conveniently called 



Fig 26t— Larva of Fu’arta banerajli w 
chylous bj'dfocele fluid, length, 300 ividtb, 
8 li The very Iranspaient sheath is not ahowo 
A number of red blood corpuscles also appear 
(studied through courtesy of Dr S D V'an 
Meter) 


microfilariae, the name Filaria sonsirtusj fioHitnis which was formerly 
appbed to them is incorrect, since they do not constitute a species 
but arc merely larval forms These larvae ate slender, being about 
as Wide as a red corpuscle and 0 2 to 0 4 mm long (Fig 263), and 
ate very active, although, owing to the fact that they ate inclosed 
m a loose transparent sheath, th^ do not move about from place to 
place They ate found in the peripheral blood chiefly at night, being 
usually easDy demonstrable by 8 o'clock and reaching Ihcir maximum 
number — which may be enormous — about 2 a. m By a concentra- 
tion method a few can usually be demonstrated during the day. Take 
about I c c of blood from a vein and place it in S c.c. of 2 per cent 
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acetic acid ilix v-ell and centnfugaluc Spread the sediment, which 
IS not abundant, on slides and examine in the moist state The lanae 
will not he actne as they arc m fresh smears The slide may be dried, 
fixed, and stained with hematoxylin In the case of a medical student 
from Puerto Rico mth no sjmptoms Smith and de Rixas found 
30 microfilariae in a cubic centimeter of blood at 4 P si , and 6500 
m a cubic centimeter at 2 A M If the patient change his time of sleep 
mg, they will appear dunng the daj The periodicity is apparenth 
dependent primarily upon the state of the capillaries and secondanl} 
upon the motihtj of the speaes 

Infection is earned by certain speaes of mosquito, mostly be 
longing to the genus Cnfex, which act as mtermediate host 

Diagnosis rests upon detection of larvae m the blood, but the 
number of larvae found bears little relation to the severity of the 
symptoms, since the symptoms are largely mechanical and depend 
upon the localization of the adults within the body 

The larvae are sometimes found m unne and in chylous fluids 
from the serous cavities Their motion is then usually less active 
than when in blood That showm m Fig 264 was alive sucty hours 
after removal of the fluid Lanae were present m the blood of the 
some patient 

A number of other filanae whose larvae appear in the blood are 
Imown, some of them only m the larval stage Among these are Ftlana 
phhpptttensts and F persUins, which eidubit no penodiaty, and F 
loa, whose larvae appear m the blood dunng the day The adult of 
the last named is espeaally frequent in the orbit and beneath the 
conjunctiva 

(2) Filana medinensis, the "guinea worm ” is a very interesting 
and important worm of Africa and Southern Asia It has been thought 
to be the “fiery serpent” which molested the Children of Israel in the 
Wilderness 

The larva probably enters the body through the skin or gastro 
intestinal tract It wanders about in the subcutaneous tissues until 
prcdicasg shgbi, ssj, The maie, is 

very rarely seen, is only about 4 cm long It dies soon after the fe 
male is impregnated The adult female is a very slender, yellowish 
worm, from 50 to 80 cm long, its appearance somewhat suggestmg a 
catgut suture When gestation is complete the greater part of the 
female’s body consists of a uterus filled with embryos The female 
then travels to the feet or ankles of the host and there causes the 
formation of a red nodule, and, finally, an ulcer, from the center of 
which her head protrudes Through this great numbers of larvae are 
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discharged whenever it comes m ointact with water Little damage is 
done unless the \\onn is pulled out, when the larvne arc set free in 
the tissues and cause serious disturbances 

^Vhen discharged the larvae seek out a small crustacean, cyclops, 
which serv es as intermediate host 

5 Ancylostoma duodenalc and Necator amcricanus — 
These, the Old and New World hookworms, respectively are among 
the more harmful of the animal parasites They inhabit the small 
intestine often m great numbers, and aimmonly produce an anemia 
which IS often severe and sometimes fatal The presence of a few, 
however, may cause no appreaable disturbance 

The anemia is probably due to (o) abstraction of blood by the 
worms and hemorrhage from the bleeding points left when the worms 
change position m the mteslme, the continued bleeding being due to 
a secretion of the buccal glands which hinders coagulation, (6) toxic 
secretions of the parasites and (c) secondary microbic infection In 
well marked cases the red cells average 2 500 000 to 3,000,000 m each 
cubic tnilhmetec hemoglobin 6 to 8 Gm (35 to 50 per cent of normal) 
ID each too c c of blood, color index low Losinopbilia of 10 to 25 
per cent is tbe rule, but may be absent Charcot Leyden crystals an 
often present m the feces 

Ancylostoma duodeoale (Tig 265) is common m Southern Europe 
and m Egypt, and is not infrequently found m America 

Tlie body is c>lindnc, reddish ui color and the head is bent sharply 
dorsally 

There is a well marked buccal cavity which carries three pairs of book 
like teeth two pairs situated on the ventral side and one pair dorsally (Fig 
266) The female is 12 to 15 mm long, and the tad is bluntly pointed The 
vulva IS situated at the junction of the middle and posterior Uurds of the 
body The male is 8 to 10 mm Jong and the posterior end is expanded mto 
an umbrella like pouch, the caudal or copulatory bursa, which is sup- 
ported by a number of stiff nbs or ‘ rajs" whose mode of branching is helpful 
m determmmg the speaes Through the opening of this bursa project 
(unless retracted) two very slender hairhke copulatory spicules which can 
be seen onij with a lens (Fig 267) 

The eggs are oval and have a thm, smooth transparent shell 
As they appear in the feces the protoplasm is divided into 2, 4, 8, or 
more rounded segments They measure 32 to 38 by 52 to 61 u 

Necator amencanus is veij common m central and southern 
Africa and m subtropical America mcludmg the southern part of tbe 
United States and the West Indies Extensive surveys among rural 
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school children by the plain smear method in eleven southern states 
in 1920-1923 showed 27.8 per cent infected. In Puerto Rico 90 per 
cent of the rural population was infected until active measures were 
taken to combat the disease. Isolated cases, probably imported, have 
been seen in most of the northern states. 


Necator amerkanus is smaller than A. duodenaJe, the male being 7 to 
9 mm. long, the female 9 to 11 mm The four ventral hooklike teeth ate 
replaced by two well-developed semilunar chitinous plates, and the dorsal 
pair of teeth by two poorly dcvel(^)cd plates (Fig 266). Within the buccal 
cavity, projecting from the dorsal wall, is a prominent, conical, toothhke 
structure which forms the outlet for 
the head gland, and is more prom- 
inent than is its analogue in A. 
duodende. The caudal bursa of the 
male is similar to that of A. duo- 




fig 265 — Hookworm (ilBOtwlwtadB*- 
itnalt), life size Shows some worms adher- 
ent to a bit of intestmal mucosa and some 
free (from Jefferys and llaswelJ) 


A evTSOti 


Fig 266 —Heads of hookworms showing 
mouth parts A,Necalorarnmcamis,3,An- 
cylMlffmu duodenale (After E R Stitt ) As 
the head of the hookworm is sharply curved 
backward, the upper part of the figure rep- 
resents the ventral surface 


demle, but there is a different arrangement of the rays. The copulatory 
spicules unite at the tips into a barbed point, which when seen is very 
helpful in cUtetiiunan.g the species (Fig- 267). The vulva of the female 
is situated anterior to the middle of the body, and can readily be located 
with a low power of the microscope. 

Ibe ova (Fig, 268) very closely resemble those of Ancylosloma 
duodenale, but are larger, 36 to 45 by 6i to 76 n. 

The life Hstory of the two species is probably the same. The 
ova pass out with the feces, and, under favorable conditions of warmth 
and moisture, develop an embryo which hatches within a few days. 
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Fig 267— Tails of hookworms A Ifeealorameneonus male, showing copulatory bursa 
and spicules Tntii barb (X iS) B enlarged drawing of the rays indicated by an snow m A 
C tail of female (X 3a) D Antylt Mma duodenalt male showing copulatory bursa and 
sp eulea without bub (X 3o) C eniargeddrawiagoftberaysindicstedbyananowiDD 
(V B D LalterE R-Sutt) 



F B ’hS.— Ovaof A’eealaromo’icoawiDfetts The egg showing three cells li a lateral new 
of a four-cell stage (pbotograpbs X 250) 
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The resulting larvae pass through a stage of development in warm 
moist earth, moultmg twice, and growing to a length of 0 5 to 0 6 
mm They are then ready to infect a new host Cort and Payne found 
that their life in the soil does not exceed three to six weelvS, and that 
they do not migrate more than 4 inches from the spot where they 
are deposited In some cases they probably reach the host’s intes- 
tine by way of the mouth, with food or water, but the usual route 
IS probably by way of the skm, as established by Looss When moist 
earth containing the larvae comes m contact with the skin thej 
penetrate into the subcutaneous tissues This is favored by reten 
tion of mud between the toes of those who go barefooted When 
the larvae are abundant a dermatitis is induced ("ground itch”) 
From the subcutaneous tissue they pass by way of Ijunph and blood 
streams to the lungs Here they make their way into the smaller 
bronchi, are earned by the bronchial mucus to the pharynx and are 
swallowed They thus ultimately reach the small intestine, where 
they develop into mature worms 

The diagnosis of hookworm mfecUoo usually rests upon detection 
of ova in the feces The worms themselves seldom appear except 
after a vermifuge A small portion of the feces, diluted with water 
tf necessary, is placed upon a slide and the larger particles remov ed 
The mateiial is covered and seardied with a 16 mm objective A 
higher power may rarely be necessary to identify an egg but should 
not be used as a finder The eggs (Fig 26S and Plate are nearly 
al-nays typical showing a thm, but very distinct shell a clear zone, 
and a finely granular segmented protoplasm A light spot representing 
the nucleus, can usually be made out in each segment After having 
once been seen the eggs are not easily mistaken 

In heavy infections they may be found in nearly everj micro 
scMpic field, m most cases, even when so mild as to cause no symp- 
toms, they can be found on the fiist sbde examined It is seldom 
necessary to search more than half a dozen slides From the estimate 
of Dock and Bass it seems probable that ova will average at least 
cat Co the sinie if fen or nioof hytag lemshs sre present tn the 
mtestine Very old females may fail to produra eggs VTien thej 
are scarce, some method of segmenting the feces should be tned 
(p 492) 

Pepper’s method of concentration is ample, but is not applicable 
to ova other than those of the bookworm It is best first to s^iment 
the feces A la>er of the diluted fc«s is placed on a slide and allowed 
to rtmam for some mmutes The slide is then gent]> immersed m 
water The ova, which have settled to the bottom, dmg to the glass 
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and are not washed away as is other material. This may be repeated 
several times and numerous eggs collected. 

StolVs method of counUng eggs in feces is recommended by Coit as 
the only accurate means of compiling statistical evidence in preliminary 
survej-s, ernluating cfTects of treatment, or measuring the results of control 
measures The technic is as follon-s: 

J. Teccs in their container are balanced on the scales together with a 
spatula, and 3 Gm weighed, by difference, into a large-sired test tube or 
centrifuge tube graduated at 45 c c 

2. Decmormal NaOH is pouted in to the 4S-C.C mark. 

3. Ten small (3 mm ) gLws beads are added, the tube rubber-stoppered, 
and the mixture vngorously shaken for one minute. 

4 Exactly 0 15 c c is pipeted with an accurate pipet on to a 2 x 3-inch 
slide, and co\ered with a 22 x 40-mm. No. 2 cover glass 



rig 269 — Disgram rhowing the difference in length of the mouth cavities of the brvae 
of A, Slrentylsidti, and B, Kueter The heavily shaded poitions represent the bulbous 
esophagus. 


5 A mechanical stage is used and all the eggs on a slide are counted 
with low power 

6. The number of eggs in each pram of feces is found by mullipljdng the 
count by 100 

Two counts are made from different 3-Gm samples and averaged 
The diluted material must be removed from the lube immediately after 
shaking 

Hookworm lars’ae are not found in fresh feces, but may hatch 
within twenty-four to forty-eight hours after the stool is passed. 
They arc then easily mistaken for the larvae of Slronsyloides sler~ 
coralis, but can be distinguished b}' the depth of the mouth cavity, 
which is about equal to the diameter of the larva at the posterior 
end of the caWty. In S. stercoralts the mouth is about one half as deep 
(Fig. 269). The size of the genital anlagc is also important. 
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Cultivation of the larvae may be resorted to for diagnosis, and is 
said to be more effective than the search for eggs even by concentra 
tion methods The Baermann apparatus as modified by Cort^ and his 
co-vrotkers is espeaally convenient This amsists of an ordinary 8 inch 
glass funnel supported on a ring stand The tip of the funnel is covered 
with a short piece of rubber tubing which is closed by pinching tightly 
with a Hoffman damp The funnel is nearly filled with water heated 
to US” F , and a piece of wire saecn is so placed that it dips below 
the surface of the water 0\ er this and dipping just below the surface of 
the water is placed a small towel In the center of the doth and in the 
pool of water is placed the infested soil or feces The larvae grow out m 
a few days at room temperature and sink to the tip of the funnel Thev 
can be readily drawn off in a drop of water on to a rmcroscope dide by 
slightly loosening the Hoffman damp, or a few cubic centimeters may 
be drawn off into a centnfuge tube and the larvae sedimented by 
centnfugalization 

Occult blood can always be detected in the feces when hookworms 
are present m the intestine m any considerable number 

6 Qenus Strongyloides — StroagyJoides stercorahs.— Infection 
with this worm is by no means so rare m this country as the few 
clinical reports would indicate It is apparently mdespread in the 
southern states, and is very common in subtropical countnes, notably 
m Italy and m Southern China It is possible that the parasite ma) 
cause a mild catarrhal ententis, although most authonties regard it as 
harmless It is extremely resistant to treatment 

The adult worm, which is probably a hermaphrodite, m which the 
male organs atrophy early or possibly a female reproducing by par 
thenogenesis, is about 2 mm long, and inhabits the upper portion of 
the small intestine, but neither it nor the ova appear in the stool unless 
an active diarrhea exists Ordinarily ova batch m the intestines, and 
when mfection is heavy larvae can be found m the feces in enormous 
numbers They have also been found m the duodenum These are the 
“rhabditiform larvae,” which measure 2S0 to 500 m by IS to 24 n, 
accordmg to their age Just badk, of the middle of the body is a con 
spicuous oval structure, the genital anlage, about 30 u long (Fig 270} 
This and the len^ of the mouth cavity are important in dis 
tinguishing these larvae from those of the hookworm m which the 
gemtal anlage is very small and inconspicuous These larvae are ac 
lively motile, with a striking “wiggling” motion and, when the stool is 

* Cort, W W , Acfcert, J E , Augustine D L and Payne, Florence K lavaiigi 
tiona on the Control of Hoofcwonn D scase II Tie DescnpUon of an Apparatus for Iso 
lating Infective Hookworm Larvae from Soil, Am Jour Hyg , 2 1-16 (Jan ), 1912 
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solid, are best found by making a small depression m the fecal mass, 
filling It with water, and keeping m a narm place (preferably an m 



cubator) for tttche to twcntj four hours 
The larvae will collect in the water, and 
can be easily found by transfcrriBg a drop 
toaslideandexamlnmgwitlia Ifi-ram ob 
jective The inCTpcncnccd worker should 
make sure that the norms mere, or he may 
be misled b> the vegetable hairs which 
arc generally present in the feois Certain 
of these hairs (notably those from the 
skm of a peach) closely resemble small 
worms (p 481) 

Outside the body the rhabditiform 
larvae develop into a free living sexually 
differential generation The>oung of this 
generation arc the more slender ‘filariform 
larvae' which constitute the mfccUvc 
form Direct transformation of rhabditi 
form into ftlariform larvae also occurs 
Infection takes place by mgestion or bj 
way of the skin 

Saodground has reported the finding 
of Rh ibdths homims Kobayashi m stools 
sent to him for exammation supposed!) 
containing Siron^yloides \iercofalis This 
worm which greatl) resembles S sier 
corahs, is not a parasite, but a free living 
copropbapius species that may be intro 
duced into the feces, after leavung the 
body, by contamination with soil, or by 
filth flies 

7 Genus TricbineJla — ^Tncbmella 
spiralis — This is a very small worm — 


Fig 270 — A tgg ol ^trvniy- 
\otiet slercori^it (parasitic moUier 
wonn) found ut stools of a case of 
chromcdiarrlica D rhabditifonn 
larva of Slrfiniylatdts stercoralu 
from the stools (William Sydney 
Thayer la Journal of Expen 
mental Medicue ) 


adult males, 15 to 1 6 by 0 04 mm , 
females, 3 to 4 by 0 06 mm Infection 
m man occurs from eating of pork 
which contains encysted larvae and is 
losulEaently cooked Ordinary "curing” 
of pork does not kill them According 
to Winn beatmg to 55“ C for fifteen 


minutes for each pound of meat is sulEaent to kill all larvae 


Sue days’ refrigeration at 0“ F (— 17 7* C ) is also effective Protection 
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against infection must be secured through such measures as these? 
meat inspection is of little value unless every part of the carcass be 
examined, and tWs, of course, is impracticable, \\lien the Iar\'ae reach 
the stomach the capsule surrounding them is digested away, and they 
grow to maturity in the small intestine. Soon after copulation the 
males die, and the females penetrate into the mucous membrane, 
where they Jive /or about sit weeks, giving birth to great numbers of 
young, averaging as high as 1500 from a single female. The larvae 
migrate to the striated muscles, diiefly near the tendinous insertions, 
where they grow to a length of about 0 S mm., and finally become 
enc>’sted. In this condition they may remain alive and capable of 
development for twelve years or longer. 

Trichinella is mdespread throughout the world and is more abun- 
dant in the United States than the reported cases of human infection 



271 — -RbabdiUfonn larva of SlrongyhiJet itereergJh in feces (photograph X 150) 

'sould lead one to expect. It is capable of living in many animals* 
but is most common in the pig and the rat. Rats when once infected 
tontinue the infection through cannibalism. A convenient means of 
finding whether the parasite is common in a given community is to 
eianune a series of slaughter-house rats. 

Except during the acute stage trichiniasis is generaUy accompanied 
by a marked eosinophilia (p. 278). The diagnosis is made by teasing 
out upon a slide a bit of mvade, obtained in man preferably from the 
the outer head of the gastrocnemius, the insertion of 
“bjid, or the lower portion of the biceps. In the case of rats the 
“aphragm, which is the most likely site, is pressed out between two 
? ? ^ coiled larvae can easily be seen with a 16-tnra ob- 

^ larvae can usually be found in the spinal fluid 

e blood before they have reaped their final resting place in the 
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muscles as demonstrated by Hemck and Janeway ‘ At tins stage 
they are about 125 n long and 6 /» broad During the diarrheal stage 
adults may be present m the leas and can sometimes be found by 
diluting with water, decanting several times and examining the sedi 



F»b 273 --Tnch nelh tf raJw m a b t ot haman niuMle teastd and mounted upon a »1 dt 
(photOBTaph and dapbragmiwatiy closed X 125) 

mmm0 

Fg 273~tVhipwoftns(re»</ rutruh ra) A FeniaJes B males. The postenorpor 

t oa ol the male b usually co led aa is shoim at the nght Thotognphs of mounted spea 

mens. Natural size 



Fig 274 —Ova of Trufittru fruii e# in feces (photographs X SOO) 


ment m a very thin layer in clean water with a hand lens The skin 
test described on page 823 has been found useful m the diagnosis of 

‘ Herncfc W W and Janeway T C DcmonstraUoa of the Tnchmella spuahs in 
the C rculatiag Blood in hlan, Ardi lot Med. 3 303-266, 1909 
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tnchinjasjs The extract for pnfonxung this test may be obtained from 
biological supply houses The results of the skin test are of importance 
m the deasion on the advisability of perfonnmg a biops> 

8. Genus Trichuris. — Tnchtins tnchiura (Tnchocephalus dis 
par) — This, the “whipnonn,” is 3 5 to 5 cm long Its anterior por 
tion IS slender and threadlike, tshile the postenor portion is thicker 
(Fig 273) It IS widely distnbuted geographically and is one of the 
most common of intestinal parasites m this country It hves in the 
large intestine, especially the cecum with it'i slender extremity em 
bedded in the mucous membrane Whipworms do not as a rule, pro 
duce any symptoms, although gastro intestinal disturbances, ner 
sous symptoms and anemia have at times been ascribed to them 
They, as v.cll as many other intestinal parasites are probably an 
important factor in the etiology of appendicitis, typhoid fever, and 
other intestinal infections The damage nhicb they do to the mucous 
membrane favors bacterial invasion They are extremely refractory 
to anthelmintic treatment 

The number present is usually small The worms themselves are 
rarely found m the feces The ova, which are not often abundant, are 
easily recognized with the 16-mm ob)ective Although they are 
comparatively small, their appearance is striking They are brown 
ovoid in shape 50 to 34 ;i long by about 23 p wide, and have a button 
like projection at each end (Fig 274) 

The eggs are said (Castellani) to require eighteen months m the 
open before the embryo is fully developed Not until then are they 
infectiv e They reach the host through contaminated food and water 

PHYLUM ARTHROPOPA 

The arthropoda are of medical interest chieflj because they are 
among the most important agents for the spread of disease Many 
are simple earners and disseminators of bacteria, as fleas carrj plague 
baolh, and Ties, tjphoid bacilli Others sene as the necessary hosts 
for a part of the life cycle of important animal parasites of which 
they are thus the sole "vector^” as certain mosguitocs are the vectors 
of the malanal parasites 

Only a few of the arthropoda arc directly parasitic, and these arc 
unimportant, so that only bncf descnptions need be given in the 
following pages They belong to the classes Arcchmda and Insecta 

Class AiucBmoA 

The class includes spiders, mites, and ticks In general the body 
IS dmded into two regions, ccphalothorax and abdomen Antennae 
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are absent The two orders to whidi the parasitic forms belong ha^e 
become considerably modified from the type. In the order Acarina, 
comprising mites and ticks, “the body is an unsegmenled sac to -which 
is attached a movable capitnlum, or false head, bearing the mouth 
parts” (Root) In the order Linguaiulida or "tongue worms” the body 
is ringed, elongated and wormlike, and legs are absent in the adult. 

— The most important of the para- 

i ' sitic mites is the -well-known "itch 

j ^4 mite,” Sarcoptes scabiei. Its tunnels 

^ 0 .^ ^ skin can be seen with a good 

' magnifying glass as lines 2 to 4 mm 

long, often black from the presence 
I ^ ' of dirt or the excrement and eg^ of 

‘ ' 1 parasite (Fig 275). The para- 

' ' I often be found 

I I scraping the burrow with a small 

\ > scalpel, and mounting the scrapings 

, ‘ in water on a slide. To see them 

power of the microscope 
1 ^ ** required The parasite is round 

I bristles (Fig 

Rt 276) The males average about 170 
i \ about 300 by 

I j ^^ 7 ] & 400 n Related species cause mange in 

j fs^‘/\y dogs and cats, and may very rarely 

f:^i\ **/ attack man 

Another mile, Demodex folltcti- 
^ lorum, the “face insect,” lives in 

I * the hair follicles and sebaceous glands 

' , ^ . of a large proportion of human 

nc m-Smcfi,! sa^u. D,.- ‘‘ Produces no dis- 

gmn of a subcutaneous burrow Ad/, turbance beyond mild irritation The 
Adult female, E, eggs, Et, erabr:TO parasites Can be found by pressing 
O'" *'>' ‘he glands and 

examining the material with a low 
power of the microscope by very subdued light (Fig 277) The male 
measures ribout 40 by 500 ti, -white flie iemale is a ’lillle "longer. A 
related parasite causes an obstinate ty^pe of mange in dogs. 

In many regions the larger members of the order Acarina, the ticis, 
are a source of annoyance, but they are of little medical importance, 
save as agents for the transmission of such diseases as relapsing fever, 
tularemia and Rocky Mountain spotted fever 
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In the V, estem part of the United States, adults are usually affected 
more often than children Probably because of their occupations they 
are more exposed to infected ticla In the eastern part of the United 
States children are more frequently affected Rocky hlountain spotted 



haonaifg, ftttn FanteDb^rs ) 

fever is carried chiefly by the wood tick, Dennacenior andersoni (Fig 
278). The tick that transmits Rickettsia In the eastern states is the 
common eastern dog tick, Derniacentor vaHahilis There are a number 
of species of Ornilkodorus that may transmit relapsing fever Ornitbo 


Si 



Hg 277.-— The “face insect" DtmoJes fotlKutomm (X 100), Kl, Biting Jaws (After 
K. Blanchanl m Brumpt ) 

dorus parkert (Fig. 279) is found o^er a large range of terntory in the 
West and is known to have transmitted this disease (see page SI2) 
There are a number of mites, the six-legged larv'ae of tthich para- 
sitize insects and small animals ordinarily, but nhich, uhen the op- 
portunity offers, may attack man, burrowing mto the skin or entering 


Fig 278 — Derauuentof eftdersoHt zaA Dernatenlor wyiMts vectors of Rocky Moua 
Una spotted fever nckelt'u (By pernussioaof thecopyngbtovmrr, Sharps Dobme loe, 
as oneriuJiy presented la their May i>i2 Seminar) 

One Other parasitic arachnid Itngiiaiuli serrata the “tongue 
worm’ requires mention since a (cw cases of human infection ha\e 
been reported from Europe the Panama Canal Zone, and Brazil, it 



Fig 279 — Omttheiorui /<»rtrr» fCooIey) TKks of this genus are vectors of relapsing 
fever Boirelia (Courted of R A CooleyJ 

may prove to be more common than has been recognized This and 
related species arc not rare in dogs horses goats, and certain birds 
Man may be parasitized by either the adult or larval stage 
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„sn to m .u 

si5rbyV”ubr„.4.. 

thoru and abdomen 


1 h\e in the nasal p*i5» 

The adults are trormliU. female, which is seveial 

sages attached to the mucous membrane 
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times as large as the male, attains a length ol 8 to 10 cm Tlic eggs 
are carried out nith the nasal discharges and ultimately reach another 
host v,hcrc the larvae hatch out and soon cnc>*st in the iolemal or- 
gans, particular!)' the Ii\er. After a period of development the larvae 
again become free, and in this stage usually reach the feces, nhere, 
because of their serrations, they may be mistaken for minute tape- 
worms (Fig 2S1). They arc white and measure about 4 to 6 5 mm 
long and 0 9 to 1 5 tnm broad at the widest (anterior) part 

Cuss iNSECTA 

In adult members of this class the body is divided into three 
distinct regions, head, thorax, and abdomen, and the head bears one 
pair of antennae. There are three pairs of legs, all attached to the 



Rg 2S3— nMd1ou«e(r«/K«.;«»M/a«), Rjt 2S4— hjbic lou5e (Phlkinut pntu) 
m*3c (X IS) The lemale is a liitte Urger (X tS) 

aod tbe posterior cad of the abdomen is 
notched 

thorar Tj-pically there are one or two pairs of wings, but in most 
parasitic species the wings haw been lost with the adoption of the 
parasitic mode of life. Parasitic insects include lice, fleas, and the 
lar\ne of certain flies 

The structure of the fleas, lice, and similar small insects may be 
more easily studied if thej' arc made more or less transparent b> 
soaking them for a day or tTvo in 20 per cent solution of sodium hy- 
droxide 

The Ticc are wingless and arc flattened dorsoventrally There are 
many s{>cdcs, all of which are closely confined to their particular host 
species. Only three infest man: The boely louse, Pediculus vestinienli; 
the head louse, Pediculus capitis; and the pubic louse, Phihirtus pubis 
These arc sufTidcntly described by the accompan)nng pictures, and 
their legends (Figs 282-2S4) The head louse and the pubic louse 
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attach their eggs to hairs, where they are commonly known as “nits” 
(Fig. 285). The body louse lives in the clothing, and seeks the body 
only at the time of feeding. Its eg^ are cemented to the clothing, 
dfiiefly in the /olds and seams. 



Fir. 2S5— Empty egg of Pefwjtlw Fig 286—7156 flea, Tvitx tmlans, male 
lafUij cwaented to a hair. Before Note the ebseece 0/ "combs” (pholograpb 
hatching the egg !s to> ered with a cap X tS) 

or Id (photogmph X IS) 

The fleas are reddish brown, wingless, and flattened laterally. 
Their shape permits them to move rapidly along the hairs While 
each species has its favorite host, the fleas are not strictly confined 



to particular host species as are the lice. The best-known human 
flea is Pulex irrilajts (Fig 286). A dog flea, Ctenocephalus cants (fig. 
287), also infests man in certain repons. The two chief rat fleas are 
Ceralophyllus fasciatus (Fig. 288) and Xenapsylla cheopis. The latter 
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IS the rat flea of India, and is, therefore, the more concerned m the 
transmission of plague It closely resembles Pulcx tmtant, being 
iwthout combs but is more yellow 

The fleas mentioned li\c on the surface of the body A very small 
flea, Tunga (DmnaUipInlus) peneirans which burrows into the skin, 
IS common m tropical and subtropical America and Africa This is 
popularly known as the chiga flea or “chigger,’ but should not be 
confined with the lan.'al rmtes whidi are called “du^ers” in the 
United States (p 580) 

A number of flics, including the aimmon house fl> , may deposit 
their o\a in nounds or m such of the body cavities as they can reach 




Rg 2S9 — Ckryiomyxa macfilarvi ktcv wonn fly A Adult fi maggot (X 3) {A After 
Cutellani and Chalinen B ftfter Blanchsrd } 

and the resulting maggots maj cause intense irritation To this con 
dilion the general term mytasts is applied 0\a may be swallowed 
mlh the food and the maggots appear m the feces In some cases 
o\a arc deposited in the tonsillar crjpts with resulting formation of 
abscesses A few cases in which larvae have been found m the urm 
ary passages have been reported The ph^siaan should be able to 
recognize these as maggots but the exact determination of spcacs is 
a matter for the trained entomologist 

Probably the most important form of mjiasis is infection with 
the “screw worm,’ the larva of CAryjow^ia macellana (Fig 239), 
which IS not rare m some parts of the United States particularly 
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west of the Mississippi ITie ova are most commonly deposited in 
the nasal passages, and the larvae, which may be present m great 
numbers, burrow through the soft parts, cartilage, and even bone, 
alwa}^ with serious and often with fatal results 

Cutaneous mjjasis, id which fly larvae develop m the skin, pro 
duang boil like nodules similar to ^‘bots" or “warbles" m animals, 
IS not rare m tropical America, and a few imported cases have been 
seen m this country The best known is the larva of the fly Dermatoha 
homms^ ver macaque of the tropics (Fig 290), which is transferred 
to man bj mosquitoes, and possibl> by ticks, to whidi the fly affixes 
Its eggs 

Among insects which arc not parasitic, but are extremely impor 
tant as vectors of disease, are mosquitoes (p 529), the tsetse fly (p 



Fig 290— Iatvi cf Cwmatoftw kotntnu fig 291 — He cotnmon bedbug Ctmex 
(X 3) ItUvlanus male (X 5) la the teiaale the 

postenor cod of the abdomea u tsore 
rounded (Cleared with sodium hydroxide 
to bnag out the structure more clearly ) 

515) , the South Amencan house bug or “cone nose," Tnatoma (p 

516) , and the well known bedbug, Ctmex leetulariits fFig 291) 
Arachmdism, “Black Widow” Spider Poisonmg — ^Though not 

an ammal parasite, the notonons “black widow" spider is enough 
of a menace that the laboratory worker should be able to recognize 
the only spider found throu^out the United States that is definitely 
known to be poisonous Latrodutes moctans (Fig 292) is black, about 
the size and shape of a shoe button, and on the \entral surface, it 
has a characteristic ted or yellow marking which is shaped like an 
hour glass The female is the sinder which usually is seen, as she 
has the habit of eating herniate, hence her sobnquet of “black widow ” 
Her web is tough and sla\enly, it extends m a haphazard manner 
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ID rock gardens and outhouses, in contrast to the beautiful geo 
metric designs -which are spread by the hannless spiders, the so called 
"orb spinners ” Hiding m some nearby crevice, the spider emerges 
when this net is disturbed and the victim is conscious of a stinging 
bite, followed by severe pains which become progressively worse 
for an hour Boardlike rigidity of the abdominal muscles, eacruaat 
mg pains and an elevation m temperature may lead to a faulty 
diagnosis of peritonitis Arachmdism is self limited and usually sub 



sides m a few days, although death occurs occasionally m from fourteen 
to thirty two hours after the bite While patients are usually bitten 
when the spider is disturbed near its web, cases ha\e been reported 
in which the patient v.as bitten while in bed A ver> comprcbensne 
study of arachmdism may be found in Bogen's* articles on the subject 

• Bogen Emil Dangers of Spider Bites IlyKeia // 621-^23 (July) 1933 Poison 
o«s Spider Bites Newer Developments m Our knowledge of Arachn'dism, Ann Int 
Med 6 37S-388 (^pt 1932 Aniehrudism Spider roisoDuig Report of a Typical Case 
Arch Int Med, 33 623-632 (Nor), 1926 
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PUS, PUNCTURE FLUIDS, ANIMAL INOCULATION 

PDS 

Pus contains much granular dibns and numerous more or less 
disintegrated cells, the great majority being pol>'morphonucl^r leu 
kocytes — so-called “pus corpusdes “ Eosinophilic leukocytes are 
common m gonorrheal pus and in asthmatic sputum Examination 
of pus is directed chiefly to detection of bactena 

^^Tien \erj* fen bactena are present cultural methods, which are 
outlined in Chapter XI must be resorted to ^Vhen considerable 
numbers are present, they can be detected and often identified in 
co\er glass smears Several smears should be made, dried, and fixed, 
as descnbed on page 770 

One o! these should be stained with a bacterial stam Ldffier’s 
methjiene blue and Pappcnbcira's pyronine roelh>l green are espe 
ciallj satisfactory for this purpose These stains are applied for one half 
minute to two minutes or longer, without heating, the preparation 
isnnsed in vvater, dned mounted, and examined with an oil immemon 
lens Another smear should be stained by Gram's method (p 780) 
These will pve information concerning all bactena which may be 
present in any considerable numbers and frequentl> no other pro 
cedurc will be necessary for their identification 

As a control of treatnicnt of infected wounds it is desirable to determine 
approximately the number of bactena in the pus from day to day For this 
purpose a loopful of the pus or discharge from the worst looking part of 
the wound is spread on a slide, dned, fixed, and stained with Lofflet's 
methjlene blue, carbol thionin, or other appropriate stain The film is 
examined with the low power and an area selected m which the pus cells 
just touch, but do not overlap This area is then studied with the oil 
itnmctsion (1 9 mm ) objective and 10 X eyepiece The average number of 
bactena per field is counted and recorded, and the predominant type, 
whether streptococcus, staphylococcus, or bacillus, is noted From 5 to 20 
fields roust be counted to get a rdiable average As the wound lmpTQ^es 
the number of bacteria per field should fall to 1 or 2, when, in the Carrel 
method of treatment, the wound nmy be closed 

The most common pus producing organisms are staphylococci 
and streptococci They are both cocci, or spheres, their average dj- 

587 
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ameter being about 0.7 Stapi^lococd are commonly grouped in 
dusters, often rompared to bunches of grapes (Fig. 293). There are 
several varieties wUch can be distinguished only in cultures. Strep- 
tocoed ate arranged side by dde, forming chains of variable length 
(Fig 294). Sometimes there are only three or four individuals in a 
chain; sometimes a chain is so long as to extend across several micro- 
scopic fields Streptococci are more virulent than staphylocoed, and 
are less commonly met. Both are gram-positive, but both may at 
times be relatively gram-negative when indosed within pus corpu^es 
(degenerating forms). Their culture characteristics are given on pages 
790 and 791. 

Should bacteria resembling pneumococci be found, Rosenow’s or 
Smith’s method for capsules S3, 54) should be tried \V'hen these 



Hg 19i—SlaphylMecetnpyiigi:nuan>ut Tig.V>ASlieptiKi>{<us pyotttuslmmcast 
from ui abscess of tbe parotid eland of empyema (Talub ) 

Uakob) 


are not available, capsules can usually be shown by the method of 
Hiss The dried and fixed smear is covered rvith a stain composed 
of 5 c c. saturated alcoholic solution gentian violet and 95 c c. dis- 
tilled water, and heated until steam rises. The preparation is then 
washed with 20 per cent solution of copper sulfate, dried, and mounted 
in Canada balsam. 

Pneumocoed (Fig. 295), wMle most common in connection with 
thfi bmg ajod pkuxd. cavity, may ris/i tia vnflasofis'At.vsn In rainy 
locations (p. 52). When they form short chains, demonstration of the 
capsule or cultural methods may be necessary to distinguish them 
from streptocoed. The presence of a capsu l$_is extremely sign ificant, 
but is not always omcluslve, since streptocoed may ^ty laxaly siiow 
capsules. Cultural methods and the technic of determining the types 
of pneumocoed are given on pages 792 and 793. 
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If tuberculosis be suspected, the smears should be stained by one 
of the methods for the tubercle becUlas (pp. 45-49), or guinea-pig? 
may be inoculated The badUi are generally difficult to find in pus, 
and bacteria-free pus would suggest tuberculosis. 

Gonococci when typical can usually be identified with sufficient 
certainty for clinical purposes in the smear stained with Loffler’s 
methylene blue or, much better, with Gram's stain They are ovoid 
or coSee-bean-shaped cocci wUch lie in pairs with their flat surfaces 
together. They lie for the most part within pus cells, an occasional 
cell being filled with them, while the surrounding cells contain few or 
none (Fig 296). Their intracellular position and their appearance in 
dusters are very i m portant points in their identification, \Vhne a 
few are often found outside of cells, one should hesitate to accept 
them as gonococci unless further search 
rcNcals intracellular organisms It is 
usually difficult to find gonocoed when 
many other bacteria are present, ewn 
though the pus is primarily of gon- 
orrheal origin. When€\ef the identity 
of the organism is at all questionable. 

Gram’s method should be tried, but 
It should be remembered that staphylo- 
cocci, streptocoed. and pneumocoed 
are sometimes relatively gram negative 
when l>ing intracellularly. In rare in- 
stances it may be necessary to resort 
to cultures The gonococcus is distin- 
guished by its failure to grow upon 
ordmary media (p 797), but grows 
readily on chocolate blood agar in an atmosphere containing added 
carbon dioride. 

Gonocoed are generally easily found in pus from untreated, acute 
and subacute gonorrheal inflammations — conjunctivitis, urethritis — 
but are found with difficulty fn pus from chronic inflammations and 
abscesses, and in urinary sediments 

In the urine gonocoed are most likely to be present in the well- 
known “gonorrheal threads’* or "floaters,” which ojnsist of strands 
of mucus with entangled pus corptisdes, and are suggestive of chronic 
gonorrhea, but are by no means diagnostic of it. These are fished out 
with a platinum wire, spread upon dides, fixed, and stained When 
floaters are absent it may be necessary to examine the sediment 
obtained by thorough centrifugation. In order to remove urea, which 



(oil immeTSJOn objective) Study 
Uuuugb courtesy of Pr C A. 
Oliver (Bostoa) 
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prevents proper drying o! the smear, the sediment may be washed 
once with water or physiologic saline. Smears should be thin and 
quickly dried m order that the pus corpuscles may be as well pre 
served as possible Very often the pus cells are so shrunken that the 
contained gonococci are difficult to recognize There is likewise diffi- 
culty in finding gonococci in vaginal discharges unless compara- 
tively pure pus from the suspected lesion can be obtained ; otherwise 
the organisms sought are to a great extent lost among the myriads of 
bacteria and the epithelial and pus cells of the leuLorrheal discharge 
Also, it should be borne in mind that the female genitals frequently 



harbor a nonpathogenic gram negatice djplococcus which closely 
resembles the gonococcus 

PERITOITEAL, PLEURAI., AHD PERICARDIAL FLUIDS 
The serous cavities contain very httle fluid normally, but con- 
siderable quantities are frequently present as a result of pathologic 
conditions The pathologic fluids arc classed as transudates, and 
exudates. 

Transudates are noninflammatory in origin Their color is light 
yellow or greenish yellow, and they may be clear, sb’ghtly cloudy, 
or opalescent They contain only a few cells, and less than 2 5 per 



PERITOKEAI., PLEURAL, AND PERICARDIAL FLUIDS 


591 


cent of albumin, and do not coagulate spontaneously. The specific 
gravity is below 1.018. Micro-orgwiisms are seldom present. 

Erudates are of inflammatory origin. They are richer in cells 
and albumin, and tend to coagulate upon standing. The specific 
gravity is above 1.018. The amount of albumin may be estimated 
by Kingsbury’s, or Esbach’s method, after diluting the fluid, if much 
albumin be present. A mucin-Uke substance, called serosomucin, is 
likewise found in exudates. It is detected by addlfying with a few’ 
drops of S per cent acetic add, when a white cloudy precipitate 
results. This reaction is very helpful in distinguishing betw’cen transu- 
dates and exudates, although some transudates give a slight turbidity 
with acetic add. Bacteria are generally present and often numerous. 
When none are found in stained smears or cultures, tuberculosis is to be 
suspected, and animal inoculation should be resorted to. 

Exudates are usually dassed as serous, serofibrinous, seropurulent, 
purulent, putrid, and hemorrhagic, which terms require no explana- 
tion. In addition, chylous and chyloid exudates are occasionally met, 
particularly in the peritoneal cavity. In the chylous form the milki- 
ness is due mainly to the presence of minute fat droplets, and is the 
result of rupture of a lymph vessel, usually from obstruction of the 
thoradc duct. Chyloid exudates are milky, chiefly from proteins in 
suspension or fine debris from broken-down cells. These exudates 
are most frequently seen in carcinoma and tuberculosis of the per- 
itoneum. Blankenhora believes that all milky effusions are, in reality, 
chylous, although in some (chyloid, pseudochylous) the fat is so 
finely divided as to take on some of the properties of colloids. 

Cytodiagnosis. — This is diagnosis from a differential count of the 
cells in a transudate or exudate, particularly one of pleural or per- 
itoneal origin. 

A tube of the fresh fluid, obtained by aspiration and, preferably, 
mixed at once with a little citrated salt solution to prevent dotting, 
is centrifugalired for at least five minutes; the supernatant liquid is 
poured off, and smears are made from the sediment and dried in the 
air. The fluid must be very fresh, and the smears must be thin and 
qiuddy dried, otherwise the cells will be small and shrunken and 
hence difficult to identify. The smears are then stained wdth Wright s 
blood stain, which has preferably been previously diluted with one 
third its volume of pure methyl alcohol. They are examined with an 
oil-immersion objective. 

Predominance of polymcrphojiucleor leukocytes (pus corpusdes) 
points to an acute infectious process (Fig. 297), These cells are the 
neutrophils of the blood, Eoanophils and mast cells are rare. Tn thin 
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has been described by the originators of the method, but can be procured 
more convemently from the Fales Chemical Company, New York The 
normal amount of protem m spinal fluid is usually about 30 mg per 100 c c 
This method is sufBciently accurate for clinical use If a more accurate 
method is desired, the relatively simple technic designed by Johnston and 
Gibson’ may be employed This is a colorimctnc method which emplojs 
Folm Ciocaltieu reagent and a tyrosme standard 

Colloidal Gold Test. — ^Lange’s colloidal gold test, introduced 
in 1912 and now very widely used, consists in miung cerebrospinal 
fluid in certain proportions with a colloidal solution of gold Normal 
cerebrospinal fluid causes no change m color Fluids from cases of 
syphilis and certain pathologic conditions of the nervous system 
induce changes in the color of the gold solution from red to purple, 
deep blue, pale blue, or colorless Moreover, the dilution at which 
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Fig 302 — ^Typea ot reawions la colloidal gold test 1, Nomal cerebrospinal fluid no reac 
tioo 2 paitUc type J luetic oi tabeUc type 4 aeniBgitic type 


the maximum color change occurs is more or less characteristic of the 
different pathologic conditions The typical “curves” are shown m 
Fig 302 The test gives its most consistent and valuable results m 
cases of general paresis In lethargic encephahtis and poliomyelitis 
atypical curves in the tabetic zone have been observed 

The exact explanation of the test is not yet wholly clear but it is 
undoubtedly dependent upon the presence of a globulin 

The test itself is rdalively simple, and any difficulty may be 
attributed to imperfectly cleaned utensils or to a faulty reagent, the 
preparation of which is time amsuming and uncertain The reagent 
can be purchased ready prepared or is easily prepared by the Borow 
skaja method 

I Johnston C W and Gibson, R B The Determination of Blood Plasma and Spinal 
Fluid Proteins Arner Jour Qia Fath. (ledi suppl ) S 22-3 1 (Jan ), 1933 




CERE33ROSPINAI. JITOD 


599 


It roust be absolulel> transparcDt and of a bnihant salmon or oran^ red 
color with no trace of blue, it must be neutral to ahzarm red on the day it is 
used, a S cc sample must be completely decolonied in one hour when 
added tol 7cc of 1 percent sodium chloride, it must gne a typical paretic 
cun e with a known paretic spinal fluid, and must not gi\ e a reaction beyond 
“red blue” with a normal spinal fluid 

Eotowskaja Modification * — This very simple method for making a 
stable colloidal gold solution has been found satisfactory Add 1 c c of 
1 per cent solution of gold chloride (Merck’s “Blue Label ’) to 95 cc of 
disUDed irater Heat to 90“ C , on an electric hot plate and add See of 1 
per cent solution of sodium citrate (Merck’s “Blue Label ) Boil for from 
one to ^ree minutes 


Technic of Test — ^Arrange a senes of twelve clean test tubes in a rack 
Place I 8 c c fresh stenle 0 4 per cent solution of sodium chloride m the 
first test tube and 1 cc m each of the others except the twelfth In the 
twelfth tube place 1 7 c c of stenle 1 per cent sodium chlonde To the first 
tube add 0 2 c c of the spinal fluid, which must be free from any trace of 
Wood Jlix well bj sucking tlie fluid up into the pipet and e\pellmg it, and 
then transfer 1 c c to the second tube Mut and transfer 1 c c to tie third 
tube, repeating this down the row to the tenth tube and discarding the last 
l-cc portion Tins Ica\e3 the e!e\enth and twelfth tubes with salt solution 
only to «ervc as controls To each of these twelve tubes add 5 c c of the 
colloidal gold solution Let stand at room temperature for an hour or longer, 
at the end of which time, in the case of a positive reaction, the solution in 
^lae of the tubes w til have changed from r^ to purple, deep blue, pale blue, 
or colorless In the case of normal fluids no change will occur The fluid m the 
tleventh and twelfth tubes which serve as controls should be orange red 
and colorless respectivcl> lie results are usuallj charted, as shown in Fig 
302 in which each column represenlsa tube Forthepurposeof brevity the 
colors may be indicated bj the corresponding numbers which are placed in 
the same order as the tubes Thus the “paretic reaction” m Fig 302 maj be 
expressed as 5o55S42100 Felton’s suggestion tJiat the type of reaction is best 
indicated bj using the terms Zone I, Zone II, Zone III is used in many 
laboraiones for reporting the “paretic,” “tabetic,” or “rocningiUc” curves 
Boeraer and Lukens’ have described a modification of the original lech 
nic, which IS more economical m the use of the gold sol Place 1 S c c of 
04 per cent sodium chloride solution m the first tube and only 05 c c of 
ws Solution m the other tubes Add 0 2 c c of spinal fluid to the first tube 
discard 1 c c , and transfer OJ c c to the second tube Mix and transfer 
0 5 c c of the mixture to the next tube, and so on to the last tube, discarding 
c-c from this lube after mixing the fluids Then add only 2 5 c c of 
colloidal gold soluuon to all of the tubes 


D ? Zur AfctbaJtk d« GoMso]be«jlung Zcilschr ( Imnwiiu 
Ther JZ 17S-{82 1934 Abstract Davidsohn I Arch Path 

Lukens, Margaente A ModificaUon of the lange Coltad-il 
« '«t, Joir I^h and CUn Med t9 1007-1008 Ome) 19^ 
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Test — Uccausc of the mmy difficulties m the way of 
prepanng satisfactorj and umfonn colloidal gold solutions the mastic 
test has been propo^ as a substitute for the gold test fhe reagent 
IS mexpensue and easily made, and the test is easily earned out 
Results apixiar to parallel those obtained with colloidal gold being 
almost uniformly positive in paresis cerebrospinal syphilis, and 
tabes, but there is much less dermite differentiation of the various 
types of reaction Complete prcapitation of the mastic corresponds 
to complete dccolorization of the colloidal gold solution, while partial 
precipitation of the mastic corresponds roughly to the purple or blue 
of the colloidal gold test The method which follows is that used by 
Cutting 

Preparation of Solutioas. — (a) Mastic 6otuiiC» — Male a slock solu 
lion by completely dissolving tO Cm of gum mastic, U S P , in 100 cc. 
of absolute alcohol and filler To 2 cc of this stock solution add IS cc. 
of absolute alcohol mii; w eU and pout rapwllyr law SO c c. of diiuUcd water 
(b) Alkalitit sohre Make a J 25 per cent solution of sodium 

chloride (C P ) in disiHIed water and to eacli 99 c c of this solution add 
1 c c of fl 0.5 per cent solution of potassium carbonate m distHled water 

Technic of Test— Arrange a senes of su small test tubes Id the first 
place I 5 c e of ilic alkatme^hne solution and m each of the others place 
1 c c To the first tube add 0 5 c c. of the spmal fluid, which must be com 
plctcly free from blood Mix by sucking the fluid up mto the pipel and 
spelling It and transfer I c c to the second tube Again, mix and transfer 
I c c. to the third tube and contmue down the Une to the fifth tube, dis- 
carding the 1-c c portion uiiich is removed from this and leaving the sixth 
tube with alkaline saline solution alone to serve aa a control Finally add 
1 c c of the mastic solution to each tube ^Ilx nell and set aside at room 
temperature for twelve to twenty four hours or m the incubator for six to 
twelve hours Tubes in whicli the reaction is complete will show a heavy 
precipitate with clear supernatant fluid (Fig 305) 

(4) Colloidal Benzoin Test — ^This test devised by Gmllam 
Laroche, and Lcchclle, is similar in many respects to the mastic test 
It IS not spcafic for neiirosyphths, but docs give practically the same 
results as the more complicated colloidal gold test 

Reagents — (a) Benzatn ^ofM/wu— Sumatra benzoin resin I Gm , 
absolute alcohol, 10 cc After forty eight hours filter off the clear super 
natant Quid Keep in a tightly stoppered bottle This is a stock solution 
from which the colloidal solution whidh is used in the lest is freshly prepared 
each day as follows 

Add OJ c c of tlie stock benzom solution, drop by drop with constant 



CEREBROSPINAL PLUTO 6oi 

shaking, to 20 c c. of doubly distilled 'water. Heat to 35® C. in a crater bath 
with constant shaking. 

(6) Sail Solution . — Make 0 01 per cent sodium chloride in doubly distilled 
water. 

Technic of Test— Set up in a rack sixteen small test tubes (75 by 10 
mm., or 85 by 13 mm.). In the first tube place 0 25 cc. of salt solution 
(5); in the second tube 0 5 C.C., in the third 1.5 c c., and in each of the 
remaining tubes 1 c.c- Nest add cerebrospinal fluid' 0.75 cc. to the first 
tube; 0.5 c.c. to the second and third tubes From tube three 1 cc. of the 
thoroughly mixed dilution of spinal fluid is transferred to the fourth tube, 
and so on, until the fifteenth tube is reached, from whidi, after mixing, 
1 cc. is discarded The sLxteenth tube is used for control The dilutions 
thus range from 3 parts in 4 in the first tube to I in 16,384 in the fifteenth 
lube. Finally, add 1 c,c. of the beiuoui suspension (n) to each tube, and 



mis by shaking. The tubes are allowed to stand for from eighteen to tnentj' 
four hours, preferably in the refrigerator. 

The reaction •vriU vary from no change in the mixture to complete 
pr^pslation of the benioin, xrith absolute clearing of the supernatant 
fiuid. The degree of reaction in each tube reported* 0, no precipitation, 
l.sUghtprecipiiation, ■with partial clearing, 2, more than half precipitated, 
fluid still cloudy, 3, complete precipitation, water-clear fluid. A curve may 
be plotted, or the figures repre^iing the degree of reaction may be set 
down for each tube. Precipitation in the first six tubes indicates cerebral 
tnvoUement, the first, or paretic zone; precipitation beginning with the 
seveath tube indicates involvement of the menuiges, or spinal cord, the 
second, or meningeal zone. The test is not as sensitive as is the Lange col- 
loidal gold method, and is not so definite in its reaction in multiple sclerosis. 

(5) Sugar.— The normal cerebrospinal flmd contains about 0 Q-t 
to 0 07 per cent of dextrose, or roughly, about one half as much as 
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the blood This is sufEcient to give a distinct reaction with Bene 
diet’s test (p 97), but it is well to use twice as much of the cere 
brospmal fluid as is recommended for the unne This reduction of 
copper IS diminished or absent m certain forms of raemngitis, proh 
ably owing to destruction of dextrose by the bactena From a study 
of a senes of cases Jacob finds that (1) No reduction of copper occurs 
m pyogenic meningitis (pneumococcus, streptococcus) or in acute 
menmgococcic meningitis, (2) reduction occurs, but may be dimin 
ishcd in tuberculosis and m the more chronic cases of menmgococcic 
menmgitis, (3) reduction is normal m poUomyeUtis Increased pro- 
duction occurs m diabetes mellitus, and a moderate increase is some- 
times observed in lethargic encephalitis 


Quantitative eslunation may be earned out by the methods already 
given for blood sugar It is advisable to make alw a blood sugar deter 
mination on a sample of the patient’s blood which has been obtained by 
venipuncture at the same time that the spmal puncture has been made 
These delenmnalions should be earned out as promptly as possible after 
withdrawal, for accurate comparison For the method of Fohn and \Vu 
(p 391) dilute 1 volume of spinal fluid with 4 volumes of water and use m 
place of the protein free blood filtrate There must, of course, be a cor 
responding change m the calculation Since 2 c c of the diluted spinal fluid 
represents 0 4 c c of the original amount, the formula on page 392 becomes 


Reading of the Standard v n y oto 
Reading of the Unknown ^ ^ ^ 


mg of sugar in 100 c c of spinal 
fluid 


s^^Antimenmgococcus-serum Test — Ymcent and other French 
investigators have developed the following test, which they beheve 
to be specific for epidemic cerebrospinal meningitis 


To 1 c c of the spinal fluid, which has been cleared by thorough centn 
fugation, are added a few drops of anUmenmgococcus serum. The tube 
along with a control tube of the untreated fluid, is then placed in an incu 
bator at 52® C for a few hours A positive reaction consists in the appear 
f ance of a white cloud The present view is that the test has some value 
but cannot be wholly relied upon Sometimes a positive reaction occurs 
m other forms of meningitis Sometimes both tubes become cloudy dunng 


(7) Tryptophan Test — ^Lichtenberg* reported fa\orably on the 
use of Aiello s simple test for tiyptophan m spmal fluid m the diag 
nosis of tuberculous meningitis 

• LIcBtenbfm H H The TiyptopLia Test ta Tubercalous Menioptis, Ant- Jour 
Dis CHId., 43 32-39 (Jui ), 1932 
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Reagents Required — (a) Concentrated faydrochlonc aad 

(t) Two per cent solution of fonnalin Tins is made by diluting 
formalin 1 to 20 mtli distilled water 

(c) A 0 06 per cent solution of sodium mtnte 

\lelhod — 1 Place 2 or 3 cc of spinal fluid in a large test 
tube 

2 Add 15 to 18 c c of concentrated hydrocfalonc aad (a), and 
2 or 3 drops of 2 per cent formaldehyde solution (fi) Shake the tube, 
and allow the mixture to stand for from four to e minutes 

3 Add carefully, to form a supernatant layer, 1 to 2 cc of 006 
per cent sodium mtnte solution {c), and allow the mixture to stand 
for from two to three minutes 

In tuberculous meningitis a violet rmg develops at the juncture of 
the first and second layers, this is the positive tryptophan reaction A 
negative reaction is shown by a brown nng, or the absence of any 
colored ring 

(8) Lcvmson’s Test for Tuberculous Menmgttis — This test, 
which was described by Levinson* many years ago, has been widely 
used It IS based upon the pnnaple that the ratio between the alka 
loidal precipitate formed by sulfosalicyhc aad and the metalhc 
precipitate formed by mercuric dilonde may be greatly altered from 
the normal m cases of tuberculous meningitis The test is indicative 
of this conditioa but is not speafically diagnostic 

— (a) One per cent solution of mercunc chloride (i) Three per 
cent solution of sulfosalicyhc acid 

J/ri/zsi — 1 Place 1 c c of spinal fluid m each of two small test tubes 

2 Add 1 c c of 1 per cent solution of mercunc chloride ( 0 ) to the spinal 
fluid 10 one tube 

3 Add 1 c c of 3 per cent solution of sulfosahcyhc acid (5) to the spinal 
fluid in the other tube 

4 Shake the tubes, stopper, and allow them to stand at room tern 
perature for twenty hai hours 

5 Measure the height of the pmapitate in imlhmeters 

Hie normal amount of preapitate is very slight, the sulfosahcyhc acid 
preapitate is heavy, compact, and starts to form at once, while the mercunc 
chloride precipitate is hgbt and feathery, and forms slowly In cases of 
luderculous memngths the mercunc chlonde precipitate is three times as 
great as that formed with sulfosahiylic acid, while m cases of sufipurahve 
tnetttngtlts a reverse ratio may result, and the heavy acid preapitate may 
be two or three tunes as great as that formed by the mercunc chlonde 

* AssoaaUoQ for Reso&rch in Iservota sad Meota] D seasa The Hunuo Cerebro 
pmal Fluid Kew York, Paul B Hoebei, loc^ VoL 4, 1924 S63 pp 
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3 Microscopic Examination — This consists in a study o! the 
bacteria and of the number and Lind of cells 

(1) Bacteria — Tubercle bacilli can be found in the great majontj 
of eases of tuberculous meningitis Tlic delicate coagulum nhidi 
forms when the fluid is allowed to stand m a cool place for tnehe to 
twcnt> four hours will entangle any bacilli which maj be present 
This dot maj be remoxed spread upon slides and stained by one of 
the methods alreid> gi\cn 45-49) Still better is a method pro- 
posed by Shco-Nan Cheer To a portion of the spinal fluid m a cen 
trifugc tube add with constant gentle shaking one third to one 
half Its xokime of Oo j>cr cent alcohol and ccntnfugaliic thoroughly 
at high speed Just enough alcohol should be added to prcapitate 
a slight clou 1 of proteins whidi will cam. the tubercle bacilli to the 



Hg SOI —Men njococo w cerebrosp fwl fluid from a case of fjiidenuc *p nat iticnlng ta 
Crams mcltiod and catboUucliiin (pi otograph X ISOO) 

bottom If the fluid gn cs no precipitate, a trace of egg albumin should 
be added It may be necessary to examine a considerable number of 
smcirs In doubtful cases inoculation of guinea pigs must be resorted to 
The Dtplococcus inlracellularts n tningiltdts or meningococcus is the 
cause of epidemic cerebrospinal feser, and can be detected in the 
cerebrospinal fluid of most eases, cspcaally those which run an acute 
course Cover glass smears from the sediment should be stained by 
a simple bactenal stain and by Gram s method The memngococcus 
IS an intracellular diplococcus which often cannot be distinguished 
from the gonococcus m stained smears (Tig 304) It also dccolonzes 
by Gram s method The presence of such a diplococcus in meningeal 
exudates is however sufliaent for its identification in clinical work 
In acute meningitis the diplococa can sometimes be found within 
neutrophilic leukocytes in ordmaiy blood smears (Fig 305) 
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^Vhen the menmgococci are not found in direct smears from a 
spinal fluid which contains many pus corpuscles wc ha\e had excellent 
results with Obe’s enrichment method. Enough sterile 10 per cent 
dextrose solution is added to mahe about a 1 per cent solution, and 


Fig 305— Steningoowa la t leukocyte In * Wood «mear (photograpb X 500) 

the fluid is placed in the incubator for ten or tnelvc hours The num* 
ber of meningocoed very greatly increases, they are tahen up by the 
leukocytes and can be found in the sediment microscopically Cul- 
tural methods are described on page 797. 


Fig 306 — Influenaa baalb in spinal fluid Case <rf meningitis (phologtapb X 1000) 

The meningococcus is present in the nasal discharge in most cases 
of this form of meningitis, and in very small numbers in the posterior 
nares and nasopharynx of some healthy persons who are dangerous 
as carriers In this situation they can te identified only by cultures 
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Various organisms have been found m other forms of meningitis— 
the pneumococcus most frequently, the influenaa bacillus (Fig 306) 
rarely When the pneumococcus is present it is usually very abundant 
In some cases no micro organiKns can be detected even by cultural 
methods 

(2) FungL — There have been an increasing number of cases of 
Torula meningitis reported This organism resembles true yeast in 
that it reproduces by budding but it differs from yeast in that it is 
incapable of fermenting sugars In a routine examination of the spinal 
fluid the organisms may be Riisial.ei} for lymphotytcs It is patho- 
genic for rruce (See page 631) 

(3) Parasites — ^The larvae of Tnchmella have been found m the 
spinal fluid at the same time that they are present m the blood (p S7S) 
Tiypanosomes are present in thelatc stages of Afncan sleeping sickness 

(4) Cytology — ^The fluid should be as 
fresh as possible as the cells tend to de 
generate To a\oid formation of a coagulum 
which might entangle the cells and interfere 
with the count it is well to secure the fluid 
in tno tubes one of whidi used for the 
cytologic examination, contains a trace of 
powdered potassium oxalate Early coagula 
tion IS, however, not common in the diseases 
in which the cell count is most important 
The routine examination should include 
both a total and a differential count 

The total cell count is best made with the Fuchs Rosenthal count 
mg chamber in a manner similar to tbe counting of leukocytes m 
blood The ruled area (Fig 307) in this chamber covers 16 sq ram 
and the depth below the cover glass is 0 2 mm The capacity is thus 
a tnfle more than 3 cu mm (sixteen fifths) Unna s poI> chrome 
methylene blue or a staining fluid consisting of crystal violet, 0 1 Gm 
glaa^ acetic aad 1 c c , water SO c c , 5 per cent phenol a few drops 
IS drawn into the leukocyte pipet to ttc mark 1, and the fresh spinal 
fluid, which has been ncll shaken, is drawn up to the mark 11 After 
mixing a drop is placed in the counting chamber and covered Tbe 
number of cells in the entire ruled area is counted and this number 
divided by 3 to give the number of cells for each cubic miUimeter of 
spinal fluid The error inadent to this calculation is practically bal 
anced by the opposite error due to the dilution 

UTen the Fuchs Rosenthal chamber is not at hand tbe ordinary 
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hemacytometer counting chamber may be substituted The number 
of cells m the ruled area is counted, the number for each cubic mil 
limeter is calculated, and this is mtdtiplied by to compensate for 
the dilution vnth staimng fluid 

The differential count is made as described on page 265 A weak 
aqueous solution of methylene blue is probably preferable to Wnght's 
stam for this purpose Ordinarily, only two kinds of cells are seen 
LjTuphocytes and poliTnorphonudear neutrophils 

The cells normalij present are neatly all lymphocytes They 
vary in number from 1 to 5 or 7 m each cubic millimeter, 10 is usually 
accepted as the maximum m health 

An increase in the cell count, together with predominance of 
lymphocytes (more than 70 per cent), strongly suggests tuberculous 
meningitis or syphilitic disease of the nervous system smce it occurs 
in about 90 to 93 per cent of the cases The number of cells present 
in these conditions vanes greatly m different cases, but ordinarily hes 
between 23 and 100 m each cubic millimeter Similar counts arc 
frequent m lethargic encephalitis and anterior pohorayehtis and may 
also sometimes be noted in cerebral hemorrhage tumors and the 
more chronic type of epidemic cerebrospinal meningitis 

In all forms of acute meningitis the total count is high 100 to 
several thousand and polymorphonuclear leukocytes prevail A 
notable number of endothehal celU may also be present especially m 
acute epidemic meningitis 

ANIMAL INOCOIATION 

Inoculation of ammab is one of the most reliable means of ven 
fying the presence of certain micro-organisms m fluids and other 
pathologic matenal, and is helpful m determining the speaes of bac 
tena which have been isolated m pure culture Chnically, it is applied 
most frequently to demonstration of the tuberde baalius when other 
means have failed or are uncertain 

Tuberculosis — The guinea pig is Uie most suitable anunal for this 
purpose ^Vhen the suspected matenal is fluid and contains pus it 
should be well centnfugahzed, and I or 2 c c of the sediment m 
jected, by means of a large hy^podermic needle, into the pentoneal 
cavity or underneath the loose skin of the grom If there is enough 
matenal two guinea pigs should be inoculated, one subcutaneously, 
and one mtrapentoneally Fluids from which no sediment can be 
obtained must be injected directly into the pentoneal cavity, smce at 
least 10 c c. are required, which is too great an amount to mject hypo 
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dermically, and several animab should be inoculated, since some are 
likely to die from pentonitis caused by other organisms before the 
tubercle bacillus has had time to produce its characteristic lesions 
For mtrapentoneal injection the animal should be held with its head 
downward to cause the intestmes to gravitate toward the diaphragm 
The needle is then introduced between the umbilicus and the pelvis 
Solid material should be placed m a pocket made by smpping the 
skin of the groin vnlh snssors and freeing it from the underlying 
tissues for a short distance around the opening 

The amroals should be killed at the end of six or eight weeks, if 
they do not die before that tune, and a careful search should be made 
for the charactenstic pearl gray or yellow tubercles scattered over the 
pentoneum and through the abdominal organs, particularly the spleen 
and h\er, and for caseous inguinal and retroperitoneal lymph glands 
The tubercles and portions of the caseous glands should be crushed 
between two slides, dried, and stained for tubercle bacilli The baalli 
are not usually abundant in the caseous material and may, therefore, 
be difficult to find 

If two guinea pigs have been inoculated, one should receive an 
injection of 0 5 cc. of undiluted old tuberculin four weeks after the 
inoculation If tuberculosis is developing, the guinea pig will very 
likely die withm twenty four hours because of this overwhelming 
dose of tuberculin The other guinea pig may then be killed for 
necropsy This method may hasten the report if this is an important 
consideration in a given case 

Diphthena Virulence Test — ^At times it is necessary to determine 
the virulence of diphthena baalli that have been isolated from the 
throats of earners Such tests are usuallj carried out in the State 
Board of Health Laboratories as this is a public health problem 
Standard methods are followed, bneQ> they consist in using white 
guinea pigs weighing about 250 to 400 gm A pure culture of the organ 
ism to be tested is diluted bj placing a loopful of the culture m 10 
c c of 0 85 per cent salt solution Two tenths c c of the suspension 
may be injected intracutancously into one of the guinea pigs A con 
trol animiJ which has been protected against the disease is also inocu- 
lated in the same manner with 500 uiuts of diphthena antitoxin given 
subcutaneously Virulent dipblbena bacilb in the unprotected gumea 
pig will produce redness and shght induration at the end of twenty 
four hours at the site of injecfaon and after forty eight to sev'cntj 
two hours a marked necrotic area will develop The toxm of diph 
thena baalli may also be tested by injecting 1 c c of toxin broth 
culture subcutaneously into a test animal Observe the anunal daily 
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and perform a necropsy as soon as it dies and look for characteristic 
signs of diphtheria toxicity Diphtheria bacilh should be present in a 
stained preparation of the peritoneal fluid, and may be cultured 
Webster's Mouse Test for Rabies — Webster and Dawson* have 
developed a qiuck biologic test for the diagnosis of rabies Swiss mice 
are partioilarly susceptible to this disease Emulsify a bit of Ammon’s 
horn from the bram of the suspected animal m twenty tunes the 
amount of sterile water or broth Inject 0 03 c c quantities through the 
skulls into the brams of eight Swiss mice, two to three weeks of age 
Kill one mouse on the fifth day, another on the sixth day and a third 
mouse on the seventh day, and examine their brams for Negn bodies 
Observe the remaining mice for twenty days for signs of rabies If the 
suspected matenal really contams rabies virus, Swiss mice will usually 
show Negn bodies on the fifth and sixth days, become sick on the 
seventh to tenth days and die on the ninth to twelfth days 

Smallpox or Vaccima — The diagnosis of smallpox may be made by 
inoculating the cornea of rabbits with the suspected virus obtained 
from a pustule This is known as ‘ Paul’s test" and has been well 
described by Scott and Simon * The ojnteats of a pustule may be 
dried on a nucroscope shde Both eyes of the rabbit should be cocain , 
ized by using a few drops of a 5 per cent solution Debcately scarify 
with a fine dissecting needle the corneas and inoculate the rabbit's 
ejes with an emulsion of the inspissated material In forty eight hours 
definite lesions may be detected m the cornea as bleb like elevations 
which can best be seen with a magnifying lens. The animals may be 
killed and the eyeballs enucleated and placed m a bath composed of 
2 parts of saturated solution of mercunc chlonde and one part of 96 
per cent alcohol They should be removed in from two to four minutes 
to 70 per cent alcohol Elevated, opaque blebs due to smallpox will be 
very apparent when viewed with a lens The histologic examination of 
the cornea will confirm the diagnosis, although the tn vivo e-xammation 
of the cornea will usually give the desired mformation 

Rat Bife Fever — This disease is now known to be due to twoor;^ 
isms, the SptrtUutn mtnus u hich has not been grown on culture media, 
and SlreplobactllKs luonih/onms which may be grown on v eal infusion 
broth containing 20 per cent of rabbit serum SptrtUnni mtnus has been 
demonstrated onlj by injectmg blood of the patient intrapentoneally 

* Webster L T , and Dawsnn, J R , Jr Early Diagnosis of Rabies by Mouse In 
®culal on Measurement of Humoral Immuoily to Rabies by Mouse ProtecUon Test, 
Ptoc. Soc. Eiper Biol&Med 570-573 (J«> ) IWs 

Webster L T Rabies, New York The ilacBi3Jan Company, J942, 168 pp 

* Scott, J M., and Simon C E The Di^piosis of SmaBpot by the Paul Method 
Amer Jour Hygiene, 3 40MI5 (July) 1923 
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mlo vfhite lats The organism is found after a vrcek to ten days by 
dark field examination of the blood of infected rats 

Leptospirosis — ^\Vhite mice, three weeks of age, are inoculated 
intrapentoneally or subcutaneously according to the method used bj 
Larson (see page S13) \\Tiite guinea pigs are also used for demonstrat 
ing the presence of this organism by animal inoculation ^Vhen infected 
thej become markedly jaundiced 
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MISCELLANEOUS EXAMINATIONS 

THE NOSE, MOUTH, AND PHARYNX 

MiCFO-ORGANiSiis are always present m the mouth m large 
numbers Among these is Lipioirtcha bnccahs (Fig 308), which is 
espeaally abundant m the crypts of the tonsils and the tartar of 
the teeth The whitish patches of pharyngomycosxs hplolhrtca are 
largely composed of these fungi They are slender, segmented threads, 
which generally, but not always, stain violet with Lugols solution, 
and are readrly seen with a 4-inni objective Often the segments 
are separated, and then have the appearance of very large non 
motile baalh At times they are obscr\ed m the sputum and stomach 
fluid In the former they might be nustahen for elastic fibers in the 
latter, for Boas Oppler baalli In either case the reaction with jodme 
mil distinguish them 

The prcv-alence of endaroebae and spirochetes m the mouths of 
normal persons and of those suffering from p>onhea aheolans has 
already been mentioned (pp 504 and 514) 

Thrush is a disease of the mouth seen most often m children, and 
charactenzed by the presence of while patches upon the mucous 
membrane It is caused by the thrush fungus, Endomyces (Ifiwifia) 
aibicans \\Tien a bit from one of the patches is pressed out between 
a slide and co\er and eramined with a 4 mm objective the fungus 
13 seen to consist of a network of simple or branching segmented fila 
ments (Fig 309) The segments measure about 4 by 20 p Globular 
or o\'al cells of somewhat greater diameter are attached to the fila 
ments or he free in the me^es between them The meshes also con 
tain leukocytes epithelial cells and granular dfbns. A related fungus, 
ifomUa psilosts js found in scrapings from the tongue lesions of sprue 
Acute pseudomembranous xnflammaUons, which occur chief!} upon 
the tonsils and nasophaiyux, are generally caused b} the diph 
thena bacillus but may result from streptococcic infection In many 
cases diphibcna baaiii can be demonstrated m smears made from 
the membrane and stained with Lbfilcrs roclh>!ene blue or 2 per 
cent aqueous silulion of meth}! green or, much better, Alberts 
stain, gi^cn below It is generall} necessary, howe\Tr, and always 
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safer, to make a culture from the throat swabs upon L601er’s blood 
serum, and to examine smears from the growth at the end of eight, 
twehe, twenty four, and thirty sit houre The bacilli are straight or 



Rg 308— C‘ng\va] deposit fuiutaused) Rg 309— Thrush fungus {Cndtmyas al 
a Squamous epithelial cells, 6 (eukoo^es, titans) (Kolle and Wossemunn ) 
f bacteria d, tueeaiit (Jakob) 

curved rods, which vary markedly tn size and outline and stam verj 
irregularly A charactenstic form is a palely tinted rod with several 


t'' 


Rg 310 — BactSus dsphlhenae stained with methyl green, culture from throat (photograph 
X 1000) 


deeply stained granules (metadiromatic granules), or with one such 
gnmule at each end (Fig 3f0) Sometunes they are club shaped or 
barred There is a strong tendency to parallelism — for several to he 
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side by side. They are gram-positive. In clinical diphtheria the badlli 
generally dominate every field, provided the swab was properly 
made. In "carriers” often only occasional small groups can be found 
in the film. , 

Sometimes bacilU are found which are morphologically typical, 
but avirulent. These may be recognized by isolating them and inocu- 
lating a guinea-pig subcutaneously or intiaperitoneally rvith 1 c.c. of 
a forty-eight- to seventy-two-hour broth culture. If the strain be 
virulent, the animals should die within two days. As a control it is 
well to inject into a second guinea-pig the same amount of culture to 
wluch have been added 100 to 200 units of diphtheria antitoxin. This 
pig should not die, 

Nevsser’s stain has long been the standard differential stain for the 
diphtheria bacillus. It colors the bodies of the bacilli brown and the meta- 
chiomalic bodies blue. 

t. Mate films and fis as usual. 

2, Apply the following solution, freshly filtered, for about one-half 
nuaute: 


Methyleoe blue 0.1 Gm, 

Alcohol (96 per cent) 2.0 cc. 

Glacial sceUc add. 54 ) 

Dhtilled water. 95.0 “ 


3. Rinse in water. 

4. Apply a saturated aqueous solution of Bismarck brown one-half 
nunute. 

5. Rinse, dry, and mount. 

Albert’s Method. — We have found this more satisfactory than Neisser’s. 

1. Prepare films, dry, and fix in the flame. 

2. Apply the following staining solution for one minute: 


Totuldinc blue... O.IS Gm- 

hlethyl green 0.2 “ 

Glacial acetic adi 10 cx- 

Alcohol (95 percent) 24) “ 

Distilled water 1000 *' 


Mix well, let stand twenty-foar hours, and filter. 

3. Rinse with water and blot dry. 

4. Apply the following iodine solution for one minute: 


Iodine., 2.0 Gm, 

Potassium iodide 3.0 “ 

Distilled water dOO.Occ. 


S. Rinse in water, dry, and exaoune. 
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Diphtheria bacilli are green, bars darfc green, granules black and very 
prominent Nearly all other organisms take a light green stain. The formula 
as published has proved very satisfactory; however, some workers prefer 
to substitute malachite green for methyl green. 

Vincent’s angina is a pseudomembranous and ulcerative inflam- 
mation of mouth and pharynx, which when acute may be mistaken 
for diphthena, and when chronic is very apt to be mistaken for sj-phi- 
Iis Stained smears from the ulcers or membrane show large numbers 
of spirochetes and fusiform bacilli, giving a striking and character- 
istic picture (Fig 311). Before making the smears the surface of the 



Tig 31i -—Borrelia ttnttnlt from case of ulcerative stouuiutu stained with gecuan violet 
(pbotugrapb X 1200). 

lesion should be gently deaoed by swabbing, otherwise so many 
saprophytic bactena may be present that the characteristic picture 
IS obscured The bacillus is spindle shaped, more or less pointed at 
the ends, and about 4 to 8 m long The spiral organism is a very slender, 
wavy thread, about 10 to 20 n long, and stains feebly Diluted forma- 
lin gentian-violet makes a satisfactory stain Giemsa’s stain is also 
satisfactory. Wth methylene blue the palely staining spinlJum may 
easily be o\erIooked llieir reaction to Gram’s stain is variable 
Further description is gjven on page SI2 

Tuberculous ulcerations of mouth and pharynx can generally 
be diagnosed from curettings made after careful cleansing of the 
surface The curettings are well nibbed between sUde and cover, and 
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tbe smears thus made are dncd fixed and stained for tubercle baolh 
Since there is much danger of contamination from tuberculous spu 
turn, tbe presence of tubercle bactlh is significant only in proportion 
to the thoroughness mth irhidi the ulcer iras cleansed “Hie diagnosis 
IS certain nhen the baciUi are found within groups of cells which have 
not been dissoaated m making the smears 

In leprosy with intranasal ulcerations smears made from the 
nasal secretions or, better, from swabs of tbe ulcers themselves con 
stitute a useful aid to diagnosis They often show the leprosy bacilli 
in great numbers generally lying within large cells They are stained 
as ate tuberde baahi, but v,nth cspcaal care not to decolonze, since 
these baalli arc not so strongly aad fast as are tubercle baalli Leprosy 
baalii can also be found, and are often abundant m matenal aspirated 
from any accessible nodular lesion, as is desenbed m a later section 
for aspiration of Treponema faiUdum from lymph nodes 

SAtrVA 

The secretion of the saLvary glands amounts to about J50D cc 
m twenty four hours It is a colorless odorless, slightly Mscid liquid 
with alkaline reaction Microscopically it contains a few squamous 
epithelial cells, t/ft^ ‘^salivary corpuscles " which are chiefly mono 
ni^ear blood corpusd^ generally much swollen and often filled with 
■^anules in active brownian motion and many miscellaneous bacteria, 
the number depending largely on the condition of the teeth and gums 
Most of the micro-organisms are saprophytic and many will not grow 
on ordinary culture media, but pneumococci, chiefly Types III and 
W, streptococci, and other pathogenic organisms are not infrequently 
present in the saliva of healthy persons 

Physiologically speaking the most important constituent of saliva 
IS salivary amylase or ptyahn Its presence may be recognized by its 
digestion of starch To a few cubic centimeters of saliva in a test 
tube ate added a few drops of a 1 per cent solution of starch and 
the tube is placed in an incubator or water bath at about 37° C for 
ten or fifteen minutes At intervals a drop of the fluid is removed 
and mixed with a drop of Gram's iodine solution on a white porcelam 
plate If ptyahn be present the succCMive drops so treated will turn 
blue purple red and finally yellow, owing to the gradual trans 
otmation of starch into the successive products of digestion eryth 
rodextnn and achroodettrm and finally into maltose, which is capable 
of reducing Benedict s copper solution 

From tbe clinical point of view an important constituent of saliva 
IS urea As is well known, there is a tendency to uniform distnbution 
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of urea among the body fluids, and Hench and Aldnch have shown 
that the combined urea and ammonia nitrogen of the saliva approxi 
mates the concentration of urea nitrogen m the blood, and thus 
furnishes a useful index of renal functional capaaty The sum of the 
urea and ammonia nitrogen is taken because urea tends to break down 
into ammomum carbonate through the action of bacteria after the 
sali\a IS secreted, and the ammonia of the saliva therefore reall) 
represents urea Saliva is obtained for examination as described 
below It IS filtered throu^ several layers of gauze, and diluted as 
described m the footnote on page 366 Urea is then estimated b) 
the method for blood urea ^ 365) which gives urea and ammonia 
nitrogen together Normally, saliva contains from 6 to 16 mg of 
combined urea and ammonia nitrogen for each 100 c c corresponding 
to about 13 and 365 mg urea, this increases with any increase of 
urea m the blood, although the rate of increase is somewhat less The 
concentration of urea in the saliva is apparently vei> little infiuenced 
by salivation or the action of pilocarpme 

More recently Hench utilized the mercury combining power of 
sahva as an approximate method of determining urea and hence as an 
index of renal msufliaency The pow-er to bind mercury is due to 
vanous mtrogenous substances m saliva, but chieQy to urea The 
method is extremely simple and requires not more than five or ten 
minutes, hence it is available as an office procedure It cannot take 
the place of blood urea determinations \\'hen blood chemical methods 
are not avaflable, or when \ enipuncture is impossible or impracticable, 
It offers a simple means of determinuig whether nitrogen retention 
exists and approximately the degree, and it may be used as a prelimi 
nary procedure when lesoit to blood chemistry is contemplated 

Mercury-comhhiisg Power of Saliva. — ^Method of Hench and Aldnch * — 
Reagents Required ’ — (a) hlercunc chlonde solution, an accurately prepared 
5 per cent solution of ^emically pure mercuric chlonde m distilled water 
(fi) Sodium carbonate, saturated solution m distilled water 

Colleelton of Soltva — ^The mouth is well rinsed with w'ater Chewing 
of a small piece of paraffin or holdmg a small marble m the mouth will 
favor the. Aaw of salLva h’lt tiu.% is uaL Tb* >& colJACjlAd 

intwoportionsofaboutScc each ThefirstofthesecamesofTfoodparPcles 

* Hench. P S, and Aldnch Martha A Sahvaiy Index to Renal Function, Jour 
Am. Med Aisn SI 1097-2001 (Dec 15) 1923 

• For the convenience of the pracliUoner the necessary reagents and a simple appa 
ratua have been assembled tn a small box and pnt on the marhet by Ilynson U estcott 
and Dunning Baltimore Md., and also by the LaiMotte Chemical Products Co , Balti 
more, Md. The apparatus may also be twd for the Hench nod Aldnch method of direcl 
blood urea determination based on the iBeiciuy>co(DbmIng power 
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and cpithebal debns and is discarded 'Hie second is used for the titration 
It need not be filtered 

Method — 1 By means of a pipet transfer See of the saliva to a small 
flask or beaker 

2 Add 5 per cent solution of mercuric chloride from a buret or pipet 
a few drops at a time, mth constant stimng, until a drop of the fluid 
when add^ to a drop of saturated solution of s^ium carbonate on a white 
porcelain plate, gives a definite reddish brown color The color should 
appear withui about three seconds If it develops more slowlj , the end 
point is near, hut not yet reached, and a few additional drops of the bichloride 
must be added 

3 When the end point is reached note the number of cubic centimeters 
of mercuric chloride solution which have been added, and multiply by 20 
to find the number of cubic centimeters which i^ould be required for 100 
c c of saUva Record this as the "mercury<ombmmg mdex ” 

Hcnch has found the mercury-combining index m normal persons to he 
between 30 and SO for 100 cc of saliva When there is retention of urea 
in the blood the index rises with the blood urea, although it lags a little 
behind The probable blood urea may be roughly calculated as follows 
1 43 X salivary index — 34 » Probable blood urea m milhgrams for each 
JOOcc 

Example Suppose the salivary index were 100 Then 1 43 X 100 — 
34 » 109 mg urea m 100 c c of Wood 

The significance of retention of urea m the blood as an index of kidnej 
insuSaency is discussed on page 171 

THE EYE 

For studying the bacteriology of the e>e both smears and cultures 
should be made The former are much the more useful m many cases 
la the normal conjunctiva Staphylococcus dlbus, Corynehactenum 
xcrosts, and Type IV pneumococcus arc the bactena most commonly 
found 

Staphylococci (Figs 312 and 313), pneumococa (Fig 314) and 
streptococci are probably the most common of the bactena to be 
found m nonspecific conjunctivitis and keratitis Serpiginous ulcer of 
the cornea is generally assoaated with the pneumowceus (Fig 295, 
P 589) 

The usual cause of acute infectious conjunctivitis ("pink eye”), 
espeaally m aties, seems to be the Koch-Weeks bacillus This is a 
minute slender rod, which lies withm and between the pus corpuscles 
(Fig 315), and is negative to Gram’s stam In smears it cannot be 
distmgmshed from B tnfiiien'’ae (Fig 316) although its length is 
somewhat greater 

The diplobaciUus of Morax and Aienfeld gixes nse to an acute 
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or chronic blepharoconjunctiWtis without follicles or membrane, for 
which zmc sulfate seems to be a specific It is widely distnbuted 



Fig 312— Blood agv cultare «F becuo 
lytie Slapkytotwus aurnj from conjuDCti* 
vitis Small yellow coIoniM ar« C«rynebae- 
ten'm sfrsjij (TViy^esoa la TniaaacUoai 
of the Amenean Opbthslmological Soaety ) 



Rg 313 — Phsgocyted lUphytococci 
fCiemsa stain, X WO) rrbyRn*on a Trans- 
actions of tbr Areencas Ophtbalmolosical 
Sooety) 


geographically and is common in many regions The organism is a 
short, thick diplobaciUus, is frequently Intracellular, and is gram* 
negative (Fig 317). A delicate capsule can sometimes be made out 



Rg 314— Pneumococci from subacute 
conjunctivitis fCiemsa staio, X 9*X1) 
fniygeson in Transactions of tbeAmencaa 
Opbthalmological Soaety) 
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acute contagious conjunctivitis poljmu 
dear leukocytes with the bacillus of Weeks 
P, Phagocyte containing bacillu'* of Weeks 
(oil Immersion objective, ocular 111) (Mo- 
fu.) 


Pseudomembranous conjunctivitis i^nerally shows either strep- 
tococci or diphtheria bacilli. In diagno^g diphtheritic conjunctivitis 
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one must be on his guard against Caryfiebaclerium xerosis, which is a 
frequent inhabitant of the conjunctival sac m healthy persons, and 
which is identical morphologically with the diphthena bacillus Hence 
the cbnical picture is more significant than the laboratory findings 
unless cultures be made 

Early diagnosis of gonorrheal ophthalmia is extremely important, 
and can be made with certainty only by detection of gonococci in the 
discharge. They are easily found m smears from untreated cases 
After treatment is begun they soon disappear, e\ en though the dis 
chaige continues. 

A benign form of ophthalmia neonatorum is caused by “mclusion 
bodies” from the genital tract of the mother. Inclusion bleimorrhea 



ophUulmia Ufonaiorum (Ciexosa itajo. Ftg 317 — ^Tbe diptobaallus ol bloru and 
X 900) (Thyueson 5n Transactions of the Asenfcld. (From a preparation by Dr Harold 
Amenean Ophdtaloiologicsl Society ) GifionL} 

has been fully described by Thygeson * It must be distinguished from 
gonorrheal ophthalmia and is now considered a distinct clinical entity, 
unassociated with any pathogenic bacteria Thygeson* suggested that 
scrapings be taken from the lower hds rather than from the upper 
lids smee many more inclusions arc to be found in this situation 

‘ Thygeson, PMlips The Etiology of Inclosioa Blennorrhea, Amer Joor ^hcbai, 

7 1019-1035 (Nov), 1934 

Thygeson, Philbps, and hfengert, \V F The Virus of Indus on Osnjunctivitis 
Further Observations. Arch OphthaJ , 377— 410(Mar), 1936 

Th>'S«OD Phjllips Opbibalmia Nconatonim A Study of 261 Cases, TVana. Amer 
Ophihal Soc 340-371 1936 

Thygeson, Phillips, and Stone, Wnham, Jr Epidemiology of Indusjon Conjunc 
tivjUs, Arth Ophthal , 37-91-122 (Jan ), t942 

‘Thygeson, Phillips Personal Commomcatioa to the Authors. 
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Spread the material on dean glass microscope slides Fix m rncth}! 
alcohol {page 251) and stain a\ilh Giemsa s stain (ixigc 255) Decolor 
izc with elh>I alcohol ITic predominating forms are 'mall ‘ clcmenlar> 
bodies, inlracclluJar and extracellular Occasionally, hrge initial 
bodies art seen (Phte W) The disease is also seen among adults 
and IS known as swimming pool conjunctixntis ' Tliere is a sinking 
similsril) between the morphologic oppcarance of the mdasion bodies 
found in the disease of the newborn and tbe appearance of tracbonu 
bodies found m the chronic disease tnchoma transmitted from per 
son to person Inclusion bodies will be consideretl briefly in the next 
<cclion 

I'ctestoi DODtta 

According to ^'nn Uoojen and Rhodes • true sirus mditsjons gt« 
negatue leulgcn and MacCallum tests res st solution in hidro- 
chloricaad do not react to tests for mitochondria the Oolgi apparatus 
and the centrosomc <lo not give a positive oxi lose test and fre 
qucntlj stain vitallj with Cf«)l blue 

The t>pes of indusion bodies are dassitied as tbe trachoma t> 7 ie, 
small basophilic Inclusions and eosinophilic inclusions according to 
these authors Cowdr)’ de<cnbed nudear mdustons c>top!asn3i( 
mdusions and both nudear and c}toplasmie inclusions 

(a) The Trachoma Type —The C)noplasmic mdusions of trachoma 
(0 200 microns), of inclusion blennorrhea (0 233 microns) and of psit 
tacosis (0 275 microns) all stam rcadjl> with Giemsa s stain and all 
show the dementar) bodies ami tbe large plaques called initial 
bodies b) Ph) geson (^ec plate W) Tliese indus on bodies arc all «o 
similar that thc) can be diiTcrentiatcd on!^ knowing the source of 
the material Tlie indusion bodies that cause infectious blcnnothca 
ma> also be recovered from certain forms of ccrviaiis and urethritis 
Thc^ aleo cause swimming pool conjunctivitis The trachoma bodies 
arc obtained from scrapings of thc cjclnls in ca'cs of trachoma Thc 
mdusion liodics of psittacosis can be recovered onl> by inoculating 
the sputum or blood of a patient into mice or pocket gophers The 
matrix of inclusion bodies in trachoma and m mdusion blennorrhea 
caw be dctwJweAralcd by s^avwvwg wvtl\ s soluUow Tb« matTo; » 
probably of glj cogen nature because it reacts with lodme • The iodine 

ivknttooyra C.E andRbodes A J Vlnul^iieaMtoIMan Loaitoa Oifonl\/n>< 
vfRily Press, 1040 W2 pp. 

'Cowdry HV Idenlifieal on of Inclusions In \tnis Dlwues, Amer Jour CLn 
Partu ;0 133-146 (Ftl)) IWO 

'Rice C n. Tbe Carbobydrsie Mattuof tbe EpIibelial-cfU Indiuton In Trsehona 
Amer Jour Opbtb&L 19 1-8 (Jan J I93&. 
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DUGKOSIS OF RABIES 


Siam is distinctly valuable as a laboratory procedure in the diagnosis of 
trachoma.’ (Figs. 318 and 319 ) 

{b) Small basophilic Inclusions. — T3'pical discrete blue granules 
(Gtemsa’s stain) Ijang in a more or less drctimscribed area, as c3'to- 
plasmic inclusions, may be demonstrated by injecting into animals 
material from lymphogranuloma inguinale 

(c) Eosinophilic Inclusions. — Small acidophilic nuclear inclusions 
may be demonstrated in animus that have teceixed injections of ma- 
terial obtained from herpes febrilis The Guamieri bodies of variola- 
vaednia are acidophilic nudear and cytoplasmic indusions The large 
molluscum bodies of molluscum conlagiosum are filled mth cjto 


Fig 318 — Large inclu&on body occupyinstbe enUrt c>1opla5m ol an epithelial cell 

turned with Lugo! SHlutiOQ (X 2000) (ThjTeso". Am J I'sih,, \ol U) 

Hg 319 —The roclusioo body shoim m Fig 318, restained by Ciemsa's method after 
ranoi-al of the iodine with water It is seen to be composed of mynsds of elementary 
bodies. (ThyjtesfiD, Am j. Path, VpL 14 ) 

plasmic indusions of small eosinophilic elementary bodies The Ncgn 
bodies found in the brains of animals suffering from rabies arc eosino- 
philic (y toplasmic inclusions, (Sec Plate XV.) 

DIAGTfOSIS OF RABIES 

In dew of the brUIiant results attending prophy lactic treatment 
by the Pasteur method, early diagnosis of rabies (hy'drophobia) in 
animals which ha\ c bitten human beings is extremely important. 

The most reliable means of diagnosis is the production of the dis 
^sc in a Swiss mouse two to three wccl,s old by subdural or intraccre- 

’ Thygtsoa, PtilLpi The Matnx of the Epuhelol Cell IcdtaJon Body of Trtcboisi, 
Aatr Jcpur. Path, /'fM55-442 OaJy). 1935. 
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bral injection of a little of the filtrate from an emulsion of the brain 
and medulla of the suspected animal. The diagnosis can. however, 
usually be quickly and easily made by microscopic demonstration of 
Negri bodies. \\'hetber these bodies are protozoan in nature and the 
cause of the disease, as held by Negri, or whether they are products of 
the disease, it is certain that their presence is pathognomonic. 

Negri bodies arc sharply outlined, round, oval, or somewhat 
irregular structures which vary in size the extremes being 0 25 and 
30 (I They consist of a hyalin-likc cytoplasm, in which when properly 
stained one or more chromatin bodies can usually be seen They are 
situated chiefly within the cytoplasm of the large cells of the central 
nervous system, the favorite location being the multipolar cells of 
the hippocampus major (Ammon’s horn). In many cases they suggest 
red blood corpuscles lying within nerve alls. 

Probably the best clinical method of demonstrating Negri bodies 
is the impiession method of Langdon Frothingham, which is carried 
out as described below. 

1. Place the dog's brain^ upon a board about 10 Inches square, and 
divide into two halves by cutting along the median line with scissors. 

2. From one of the halves cut away the cerebellum and open the lateral 
ventricle, exposing Ammon's born 

3 Dissect out Amtnon’s horn as cleanly as possible. 

4. Cut out a small <lbk at nght angles to the long a.xis of Ammon’s 
horn, so that it represents a cross section of the organ 

5 Place this disk upon the board near the edge, with one of the cut 
surfaces upward. 

6 Press the surface of a thoroughly dean sL’de upon the disk and lift 
It suddenly The disk (if its exposed surface has cot been allowed to become 
too dry) wiU cLcg to the board, leaving only an impression upon the sbde. 
Make several similar impressioos upon dilferent portions of the slide, 
using somewhat greater pressure each time Impressions are also to be 
made from the cut surface of the cerebellum, since Negri bodies are some- 
times present in the Purkinj'e cells when not found m Amnion’s horn. 

7 Before the impressions dry immerse in methyl alcohol for one-half 
to two minutes 

8. Cover with van Gieson’s methylcne-blue-fuchsin stam, warming 
gently for one-half to two minutes This stam, as modified by Frothing- 
ham, is as follows It remains effective for three or four days* 

Tap wattT . 20 cc. 

Saiuntet] alcoholic solutloa basic fucluin . . 1 drop 

Saturated aqueous soluuon metfaylene blue . I “ 

‘ For Pr rrolhinghani’a method of Fenumog a dog’s braja see Amencafl Journal of 
PubLc Hypene for February, 1903. 
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Nen c cells containing Vegn bodies 

Hippocampus impression preparation, dog \anCieSon%sUm, X 1000 1, Negn bodies, 2, 
capillar) , j, free red blood corpuscles (Courtesy of Langdon Frothinghani.) 



RICKETTSIAl DISEASES 623 

9 Wash m water and dry with filter paper Examine with a low power 
to locate the large cells in which the bodies are apt to be found, and study 
these with an oil immersion lens 

The h.egn bodies are stamed pale pink to purplish red, and frequently 
contain small blue dots (Plate XVI) The nerve cells are blue, and red 
blood corpuscles are colorless or yellowish copper colored 

When the work is finished the board with the dissected bram is stenliaed 
in the steam sterihaer 

Demonstration of N^n bodies by this method is quicker and, pos 
siblj, more certain than by the study of sections It has the decided ad 
vantage over the smear method that the histologic structure is retained 
One or more of the impressions generally shows the entire cell arrangement 
almost as well as in sections, and it is very easy to locate favorable fields 
with a 16-mm objective 

Seller's slatn is satisfactory The stain is prepared as follows 

Fucdksm (saturated solution ot baste fuchs a la per cent ethyl 
alcohol or absolute methyl alcohol (uchsin) 2-4 c c 

lletbylese blue (saturated solution 10 absolute methyl alcohol) IS 
Methyl alcohol (absolute acetcee-Iree) 2S ‘ 

Mix the methylene blue and alcohol m a Coplm jar and add 2 c c of 
fuchsia solution A Inal is made The stam probably be too blue 
If so add portions of Oi c c of fuchsm solution and test the slam again 
until the proper balance is obtained Maaoscopically, the properlv stained 
smear, when held up to the bghl, should appear violet in the thinner por 
tions, shading into purplish blue m the thicker portions The slam greatly 
improves after twenty four hours and wdl keep mdefimtely, but must be 
kept covered to prevent evaporation 

Smears are prepared m the usual way from the hippocampus major, 
and while still moist are plunged into the slam for two or three seconds 
and waved back and forth Remove and rinse m running tap water, blot 
and examine 

^.egn bodies are stained bright, cherry red the nuclear material is 
stained black and blue and forms ^aip contrast, nerve cells are stained 
purplish blue, stroma is stained pmk nerve fibers are stamed a faint pink 
or are not stained, bacteria, if present, are stained deep blue, red blood 
cells are stamed a copper color, muscle fibers are stamed deep pink or a 
copper color the nuclei of leukoiytes are stamed deep blue with pmk or 
pale blue border 

RICKETTSIAL DISEASES 

According to OIitsk> Rickettsia can be defined as minute, pleo 
morphic, gram negative, baciUoid structures which cannot be stamed 
satisfactorily by means of ordinary djes and cannot be cultivated out 

* OUtsky P K. tTi«n < Zmsser and Hu Studies on Typhus Fever Jour Abi. Med 
A»a,j;e-907-013(M3r S) 1941 
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Side the body except m the presence of living tissue cells They are 
contained isithm the bodies of arthropods which m turn convey them 
to mammalian hosts, sometimes through an intermediary host, such as 
a rodent In addition, infection by certain of them is assoaated with the 
development of a positive WeilFehx reaction (See page 625) The 
pathogenic forms de%elop intracellulariy Tj’phus Rickettsia are 
found in the cytoplasm while Rickettsia are found m the cytoplasm 
and m the nucleus of cells from cases of Rocky Mountain spotted 
fever Rocky Jlountain spotted fever is transmitted chiefly b> Derva 
cenior andersom{^% 278, page 580) The eastern form of ^e disease is 
transmitted by common eastern dog tick, Dermccetitor vartahUs 

Typhus fever is transmitted through the body louse, Pediculus 
kumanus The European type of “nckettsia body’ is named Rtckell 
sifl prtniaztki It is closely related to but diSeis serologically fiom 
similar bodies that are found m cases of typhus fever m this country 
Another type of disease which is transmitted by the body louse is 
50 called ' trench {e\ er ' The bodies that are found m this disease ha\ e 
been named Rtckellsia quutlana, or Rtckeilsta pedtcuh It has also been 
demonstrated that the nckettsia wbidi are found m the Mexican type 
of typhus fever (tabardiUo) also may be found in fleas, bedbugs, and 
ticks, this suggests that these insects, as well as bod) lice, may be 
vectors 

Mooser^ demonstrated that 90 per cent of male guinea pigs could 
be infected with the virus of the Mexican t)’pe of typhus fever 
He inoculated them intraperitoneally with 3 or 4 c c of blood which 
was diluted with an equal amount of stenle physiologic saline solution 
The sCTotum of a reacting gumea pig becomes markedly swollen and 
reddened If the scrapings from the tunica vaginalis are properly 
stained, minute bodies resembling diplobaoUi can be found Casta 
neda* developed the following method 

Castaneda’s Stam for Rickettsia — Prepare a bufter solution 
by dissolvmg 1 Gm of monobasic potassium phosphate in 100 c c of 
distilled water and 25 Gm of dibasic sodium phosphate m 900 c c of 
distilled water Mix the two solutions The p'R should be 7 5 Add 1 c-c 
of formalm as a preservative To 20 c c of the buffer solution, add 3 

’ Moos«r tl Ezperuneats RebUo; to the Patlmbxy and the Etiology of Mexican 
Typbus (TabardiUo) Cliucal Coane and Fctbobsic Anatomy of TabardiUo in Guinea 
p gs Jour Infect- Dia. 43 241-2W (Sept) 1928 Mooser 11 , and H umm er Clyde 
On Relation of Organisms in Tunica Vapnalis of Animals Inoculated with Mexican 
Typbus to Ri^ettsia prowazelu and to Causative Agent of That Disease, Jour Ezper 
Med, 5/ 189-207 (Feb) 1930 

* Castaneda, M R. A New Stain for Ridettsia Bodies Jour Infect. Dis., 47 41&' 
417 1930 
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drops of Loeffler's methj lenc blue, or probably better, 0 15 c c of a 1 
per cent solution of mcthjlene blue m alcohol As 1 counterstam add 
1 part of a 0 2 per cent aqueous solution of safranme "0 ’ to 3 parts 
of 0 1 per cent solution of acetic acid 

To stam "nckettsia" or “Moo«er bodies scrape ivith an eje 
scalpel the inner surface of the tunica vaginalis from an infected 
guinea pig Make a thin laj er on a slide Stain the smear tliree minutes 
with the buffered methi slam Pour off the stain and, without 

washing counterstam with the safranme stam for from one to four 
seconds ^^ash with running water and dry with lifter paper The 
nckettsia bodies will be stained blue, and the protoplasm and nuclei 
will be stained red 

AVhile this brief description of nckettsia has been mcluded in this 
chapter on animal parasites, the morphology of the organisms would 
place them among the bacteria On the other hand, the probabiUty 
of a rcsen oir host and the transmission by an insect vector, suggests 
a protozoal nature 

Another lery interesting but somewhat baDhng diagnostic test 
for this group of diseases is known as the Wed Felix reaction A 
particular strain of Prottus baallus, which is known as Proteus X 
iP, IS agglutinated speafically with dilutions of 1 to 100 to 1 to 5000 
of serum from patients who ate suffering from typhus fe\er, trench 
fever or Rocky Mountain spotted fe\er, but not with serum of pa 
tients who ha\e typhoid fever, dysentery, or similar infections 
The phenomenon has not been explained as the organism has nothing 
to do with the disease etiologically 'Hie techmc for the test is dis 
cussed on page 602 

THE EAR 

far the most frequent exating causes of acute otitis media 
are the pneumococcus and the streptococcus The finding of other 
bactena in the discharge generally indicates a secondary infection 
except m cases comphcating infectious diseases, such as t}'phoid fever, 
diphtheria, and influenza Disdiarges which have continued for some 
toe are practically always contaminated with the staphylococcus 
The presence of the streptococcus should be a cause of uneasiness, 
Since It much more frequently leads to mastoid disease and meningitis 
than does the pneumococcus The staphylococcus, bacillus of Fned 
lander, colon bacillus, and BactUus pyocyaneus may be met m chronic 
Quddle ear disease 

In tuberculous disease the tuberde bacillus is present in the dis 
^wge, but Its detection offers some difficulties It is rarel> easy to 
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find, and precautions must always be taken to exclude the smegma 
and other aad-fast bacilli (p. 51), which are especially liable to be 
present in the ear. Rather striking Is the tendency of old squamous 
cells to retain the red stain, and fragments of such cells may mislead 
the unwary. 

GOUTY TOPHI 

Tophi (literally “porous stones”) are small subcutaneous swellings 
In casc^> of gout they arc frequently found in an auricle, in the region 
of the helix, and often are connected rvith the cartilage They may 
occur also in xarious other parts of the body, particularly in the 
olecranon bursa A small indsion Into a tophus permits the extrusion 


Rg J20— Sodwm btunle crytlxU obUuntd (rom jwjly lopbus, s, X ItW, X 400 
(Photographs reproduced by cpurtesy of Dr I* S llencb.) 

of a creamy or chalky mass of sodium add urate. Typical, adcular, 
doubly refractixe crystals of sodium biurate can be demonstrated 
easily with the microscope (Fig* 320). 

DISEASES DDE TO FUNGI 

Farms, tinea \ersicolor, and the various forms of ringworm are 
caused by members of the fungus group To demonstrate them, a 
crust or a hair from the affected area Is softened with a few drops of 
10 per cent caustic soda solution, pressed out between a slide and 
cover, and examined with a 4-mm objective They amslst of a more 
or less dense network of hyphac and numerous round or oval refractive 
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Fungi grow best on media a>ntaimng dextrose, and, as a rule, 
either Sabouraud’s medium or tartaric add medium (see p. 768), is 
used for the isolation of these organisms, as these media inhibit the 
growth of ordinary bacteria As a rule, fungi grow slowly, best at 30“ 
C Cultures should not be discarded as negative until they have been 
incubated for several weeks Mycotic diseases may be dermatomy- 
coses, or they may he subcutaneous, or s>'Stemic * 

Tinea versicolor is caused by Malassezta furfur (see Fig 321). 
Erythmsma, found in the inguinal folds, in the upper and internal 
surfaces of the thighs and of the axilla, is supposed to be caused by 
Actinomyces minutissimus Microsporon audoiiini produces mild 
l^ions of microsporosis on the scalp and nape of the neck, mostly 
in chydren. There is often nearly complete alopeda, covered with dry 
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Fig. 321 i-ig 322 

Fig 321 — Vc/tfiffw {iticrosparon) fttrfur, appearacce on direct esamtnation of 
scales (X 277). (Lewis sod Hopper, An Intioductioa to lilcdical M>cology, The Year 
Book Publisbera, Inc ) 

Hg 322 —iltcrospoTon ouiowni, infected hairs (X 292) (Lewis and Hopper, An 
Iniroductioa lo &IedkC^ Mycology, TTie Year Book Publishers, Inc ) 


grayish scales with stiunps of hairs. (Figs 322 and 323 ) There are 
also other forms of microsporosis whidt are contracted from the dog, 
cat and horse, and are caused by Microsporon canis, Microsporon 
felineum and Microsporon eqtiinum. There are a number of fungi that 
cause ringworm; among the best known is Triciwphylon gypseim (See 
Figs 324 and 325 ) This orgmiism may be found in lesions of the 
nails, hair on the scalp or face, trunk, arms and hands A somewhat 
simflar organism produdng growth within the hair shaft is Tricho- 
phyton tonsurans {T. crateriforme). (See Figs 326 and 327 ) "Athlete’s 

’The list of diseases given has been taken from a chart "Ifycotic Diseases” by 
Moms Moore, Mycologist at the Barnard Free ^Ltn and Cancer HoapitaJ Many of the 
illustrations are from Lewis and Hopper IntraducUon to Medical Mycology, Year Book 
Pubhcaijoa, 1939 




628 


MISCEILANEOUS EXAMINATIONS 


foot” is an epidennophytosis Tvhich may be caused by Epidermo 
phylcn inguinale (See Figs 328 and 329.) Tavus, a crusting lesion of 



Fig 324 —TnehpSiltn gypseum, infected loin with the tpors external to thaft 
(X 362} (Le<Ais and Hopper, An Introduction to Medical Mycology, The Year Book 
Publiahera, loc.} 
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Hg 325 

Tig 325 — Culbire ot tad Kapp«, Aa loUo- 

ducUon to Medical Mycology, The Year Book Publishen, Inc.) 

Frg 326 — Tnikophylm lonsuratts (Trufmpkytm eraieriforme) (Lewis and Hopper, 
An Introduction to Medical Mycology, The Year Book Publishers, Inc ) 


the scalp, With typical yellow cups called scutulae, is one cause of 
alopecia The fungus causing this dermatomycosi's is Achorion schoen- 
Icint. (See Figs 330, 331, and 332 ) 
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Subcutaneous and sj’stemic diseases that are caused by fungi are 
of unportance Many speaes of monilta have been described These 



rSg 3V — CulUite of Trukafhyton croim/orme (Lc\ns and Hoppet An IniroducUOD 
Is Slewed The \ear DmI; rubhibers loe ) 

Fig 328 '-Epf'iermaphyttn in(iunal< (wavy filaments in direct mount fwca scales) 
(X JOO) (Lewis and Hopper, An Introduction to Medical Mycology The Year Book 
Publishers Inc) 

are simple, budding cells forming short filaments m old necrotic le 
sions The typical species is Uomhs albicans (See Fig 333 ) Sporo 



Fig 329 Fig 330 

Pig 329 -~-Ep>Jermfiph}tM tnguinale, cidtiire (X 267) (Lewis and Hopper, An In 
troducUon to Meical Mycology, The Year Book I^bhshere, Inc ) 

Hg 330 — ^Acfiortim icfioen/einii hair (rota scutulum(X 33) (Le ws and Hopper, An 
Introduction to hledical Mycology, The Year Book I^ibliiiers Inc.) 


irichum schencki causes a generalized cutaneous disease of the fingers, 
arms and body, known as sporotndiosis It may also become systemic 
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Hg. 331. — Achcfhn tckofnUinii: CLuntoU aod spom !a the hair (haft (X 206), 
(Lrn( and lIopp«r..An IntroducUon to Mcdksl Mycology, The Year Book Publubra. 
Inc^ 

fig- 332 —Athafitfi uhaenirinit: culture (X 70). (Lc^is ud Hopper, Ao Introductioo 
(0 Medical bfjToIogy, The Year Book Publish^ Iflc.) 
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ng. 333 Fig. 331 

Fig. 333.— Jfffnjfjj elbUam; culture (X 300) (Lewis and Hopper, An Introductioo 
to Medical ilycology. The Year Book Pubtuhera lucj 

FI; 331.— 5/iira{rtc&u)n teitiuki; culture showing clusten of sporce on hyphae 
(X lOOO). (Lewis and Hopper, An Introductioo to hfedleal Jlytology, The Fear Book 
Pubtlshen, Inc.) 
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(See Fjg 334 ) Blastctnyees dermatiltdts is a yeast like fungus causing 
Gildinst’s disease or blastomycosis (See Figs 335 and 336 ) The 
organisms are reco\ered from skm lesions such as pustules, ulcers, 
\esides and mdammation with raised borders and from systemic le 
sions ■nhidi are miliary or large sized nodules, abscesses and granu 
lomas and other similar diseases 

Torulosis IS caused by Toruta histolyiica This organism may be 
found m the spinal fluid m cases of so-called tonila meningitis The 
organism resembles true yeast m that it reproduces by budding It 
differs from true yeast m that it is incapable of fennenting sugars, 
except to the extent of shght aad formation m a fexs instances In 
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F.g 335 Hg 336 

Fig 335 — -Bfwlwn^ej detmalUidts direct mount ot pus showing double-contoured 
budding cells (X ?I6} (Lewis and Hopper, An Introductiaa to Hledical Mycology, The 
ear Book Publishers Inc) 

Tig 336k — Blaslimycei derma}ilii}i} culture showing doyble-cODtouied cells with bud 
ding (X 524) (Lewis and Hopper An Introduction to Medical Mycology, The Year Book 
PuWiihere, Inc ) 


routine examinations of the spmal fluid, the organisms arc easily mis 
taken for lymphocytes by the unsuspecting observer (Sec Tig 337) 
Todd and Herrmann' have studied the life cycle of this organism 
and their work has been confirmed by Hcnnci * Because of the fact 
that in old cultures there are two types of cells nhich conjugate, they 
propose instead of the usual name that thts organism be called Dehary 
wnyccj ncojorn ans 

* Todd Ramona L , and Herrmann, W VV The Life Cycle ot the Organism Causing 
t eart Meningitis, Jour Bact , S^IW (July) 1936 

’Henna A T The V easts Ceneucs, Cytology, Vanalion Oo ssi Egatioa asd Idea 
tificauott. Batter Reviews, J-9T-179 aunc). 1941 
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(See Fig 334 ) Blaslotnyces dermalilidis is a yeast-IiLe fungus causing 
Giidirist's disease or blastomycosis (See Figs 335 and 336 ) The 
organisms are recovered from skin lesions such as pustules, ulcers, 
vesicles and inflammation rvith raised borders and from systemic le- 
sions -which are miliary or large-^ed nodules, abscesses and granu- 
lomas and other similar diseases 

Torulosis is caused by Torula Iiislolytica. This organism may be 
found in the spinal fluid in cases of so-called torula meningitis The 
organism resembles true yeast in that it reproduces by budding It 
differs from true 5 cast in that it is incapable of fermenting sugars, 
except to the extent of slight add formation in a few instances In 



Fig 335 Hg 3S6 


F?g 335 — BliH(Miyces dermaultdfs. direct mount of pus showing double-contoured 
budding cells (X 716) (Lewis and Hopper, An Introducuoa to hledical Jlycology, The 
Year Book Publishers, Inc ) 

Fig 336.—Blaslffmycesderm{iiilidu culture showing double contoured cells with bud 
duig (X 524) (Lewis and Hopper, An Introduction to hledicai Mycology, The "Year Book 
Pubfishen, Inc ) 

routine examinations of the spinal fluid, the organisms are easily mis 
taken for lymphocytes by the unsuspecting observer. (See Fig 337 ) 

Todd and Hernnaim' have studied the life cycle of this organism 
and their work has been confirmed by Hemici * Because of the fact 
that in old cultures there are two types of cells which conjugate, they 
propose instead of the usual name that this organism be called Debary- 
omyces veojonnans 

* Todd, Ramona L., and Herrtnaim, W W.. Tie Life Cycle of the Organism Ciusmg 
‘east Mmnigius, Jour Bact , 32 8^104 (Jnly), 1936 

Henna, A. T.* The Yeasts, Genetics, ecology, Vanation. Oassificabon and Idea 
b&atjon. Barter Reviews, 5-97-179 Ouae), mi. 
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Coccidioidal granuloma caused by Coccidioides immilts is an in- 
fectious granuloma uhich appears to be acquired by inhaling spores of 
the fungus, by cutaneous infections, through wounds, or rarely through 
the gastro-intestinal tract. Stiles and Davis* described the disease as 
chronic, progressive, highly fatal, aCfectiog the lungs, skin, lymph 
nodes, bones, meninges, thoradc viscera and other tissues Although 
the first cases nere reported from California and the disease has been 
called the “California disease ” its appearance both in man and 
ammals in other localities showed that it is spreading or has not been 
sufficiently recognized In regions jn whidi man has acquired the in- 
fection, cattle, dogs, sheep and wild rodepts may harbor the fungus 
Granulomatous lesions containing caseous material should be ex- 
amined for the double contoured, spherical bodies of this organism 



Fig 337 —■Torufa htsiolyltca, budding tom o{ (ungiK found m spinal fluid Uobns and 
Aitaway, Am J of Clin rath., Vol III, The UllUams and WUblas Co ) 

(See rig 338 ) 'Ihe organism may be grown on meat infusion agar 
after incubation for from forty ei^t to seventy-two hours at 37® C. 
On culture media there will be mycelial growth producing a w-hite. 
cotton like colony. Only the spherical forms of the fungus are found 
In the tissues An acute influenza-Iike disease called "valley fever” is 
caused by this organism It may terminate with no sequelae and in 
this form is rarely fatal, or it may develop into the chronic form of 
coccidioidal disease. 

R/:itiosporidiiwi seeheri causes polyps or pedunculated "straw- 
berry” tumors of the nose, nasi^harynx, conjunctiva, uvula, genital 

< Stiles, G W., aad Davis, C. I Cocadioidal Granuloma, (Coceidjoidomycosis), Its 
Incidence la Mon and Animals and Its Diagnosis m Animab Jour Am lifed Asm , IIP 
765-rW (July 4 ). 1942 
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mucosa, lacrimal sac and skin. EUes' has made a very complete re- 
view of the literature and has described the lesions in the eye. 

In 1905, Darling reported Ending organisms which be called 
BtsiopJasma capsulalum in three cases of a disease which seemed simi- 
lar to kala-azar in cases observed in the Canal Zone. It has since been 
proved that this disease is not leishmaniasis, but is due to a fungus. 
There has been an increasing number of cases reported each year so 
that histoplasmosis is either on the increase or is being diagnosed more 
frequently, hleleney' has made a re\dew of the literature up to 1940 



Rs 338.— rmfltatf/fronjpandcDt contents of lymph node (X 600) (Sblesand 
Davis,). A. M A., JuJy 4. 1942.) 

Henderson, Pinkerton and Moore* hav^ reported on Bistoplama cap- 
sulalum as a cause of chronic ulcerative enteritis. They point out that 
gastro intestinal lesions have been present in many of the cases that 
have been reported. In scrapings obtained from ulcers, the organisms 

• EBes, Nonna B : Rkiwj^ridium Seettri lolectlos ja the Eve. Arcli- Ophtbal., 2S‘ 
(Junt), 1941. 

*Meleney, H. E.' Hutoplasmosis (Retiado-cndothtlial Cytomycoas). A Review, 
Amw Jonr. Trap Med., 20-603-615 tjaly), 1940. 

*HeadeisoD, R. G., PmkertoB, Hfiuy, and Moor^ t.. T,- Hxstoplasma Capsulatum 
^ Cau« of Chrotiic Ulcerative Eateiids, Jour Am Med. Assn., //J 855-889 (Mar 14) 
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Fe 340 — tl sleplasmaeapsu!aiuin hanging drop prsparaUoa of culture (X 400) (Brown 
Havesn nnd Magith ) 
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may be found grossly packed together and resemblmg Leishman 
Dono\an bodies The organisms stain readily Giemsa’s stam 
(See Fig 339 ) They may also be stained with Wnght’s stam The 
organism may be cultured on glucose agar, on which it grows slowly 
(See Fig 340 ) Meleney stressed the susceptibility of suprarenal 
tissue to m\Ql\cment with histoplasmosis Van Perms, Benson and 
Holinger* ha\e suggested a specific, cutaneous skin test which may 
prove of \alue m clinical dia^osis 

Aspergillus Jumtgatus (see Fig 341, also Fig 82, p 161) A sapro- 
ph)te, often a contaminate on old culture media, may become es 
tabhslied m the skin, nails, pulmonary system, ears conjunctiia and 
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F!g SH'—Asf(Tpl[usSumti't(ut(Xt60) (TlwtnandOiurch The AspergiUi TheWflliacas 
•ad WiQuits Co ) 


cornea or in the sinuses and may produce an inflammatory granuloma 
m the internal organs It may cause lesions resemblmg tuberculosis 

MTT.TC 

A large number of analyses of human and cows’ milk are aver 
aged by Holt as follows, Jersey milk being excluded because of its 
excessive fat 



HmuN Ma.c 

Cows’ Mile 


Normal vanaUoas 

Average 


percent 

per cent 

Fat 

SOOto 500 

400 to 5 50 

Sugar 

600to 7<X) 

70Qto 4.30 

Proleins 

1 00 to 2 25 

150to 400 

SalU 

0 13 to 0 25 

020 to 0 70 

Water 

SQMto 85A0 

87J0to 87 50 


10000 10000 

JOO 00 100 00 


* Van Perots, P A Bensoo MinamE and Holmger, P H Speafic cutaneous re- 
actions With lustoplasnjosis pretiounajy report of another case Joui Am- Med. Assn. 
W 43(M39 (Aug 9) 1941 
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to count all of the colonies present Some form of plate counter is most 
satisfactory for this esamination (Fig 314 ) Tests should be made for 
the presence of members of the E colt group According to the stand 
ard methods, presumptive tests may be made with 10 c c , 1 c c and 
0 1 c c of the water sample placed m a lactose broth fermentation tube 
If these tests are positive, confinnatoiy tests may be earned out to 
confirm the presence of gas forming organisms The complete test 
consists of plating and determining the presence of Escliertcha colt 
A very simple and customary method of testing for the presence of the 
E colt group of organisms is the following Place 10 c c of water in 
eacli of fi\e fennentation tubes containing 10 c c of double strength 



Fig 344 —Queen baclena colony counter 


lactose broth If there is no gas formed m any of the tubes, Eschmehta 
coh 15 not present in a 50 c c sample of the water, and it is probable 
that it is not present m 100 c c If one tube shows 10 per cent of gas, 
there is then at least one Eschenclna coh present in 50 c c. and the 
trray be niadt that at ’iwct two Ejcherjrfnae tri* me pi-iseTA 
100 c c of the sample of water This amount »s considered permissible 
m dnnting water If more than one lube contains gas, it may be well to 
carry out the confirmatory or complete tests, as the water is contam 
mated If all five tubes show gas, it would be evident that there are at 
least ten Eschmehtae coh per 100 c c of the sample, and such water 
would be badly contammated 
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SYPHILITIC MATERIAL 

In 1905 Schaudmn and Hoffmann descnbed the occurrence of a 
very slender, spiral miao-orgamsm in the lesions of S 3 T>hilis This 
they named Spirochaela paJltda, because of its low refractive power 
and the difficulty with w^ch it takes up staining reagents The name 
was later changed to Treponema pallidum Its etiologic relation to 
s>'phihs IS now umv ersally recogmzed It is found m pnmary, second 


arj, and tertiary lesions, but is 
suffiaent number to be of \alue 
in diagnosis 

Treponema paVtdum is an ex 
tremelj slender, spiral, motile 
thread, with pointed ends The 
organism vanes considerably m 
length, the average being about 



Rg — Trtfontma pdltdum (X 1000) 

(Lettz 1/12 oil immusion objecuve uui 
Lotz dub-eiouflcl coodenser) The parasite 
bas the same appearance as la lodia ink 
preparations. 


not present in the last stage m 



Fig 346 — Treponema paUidum Botrdia 
rtfetniens and ihite red blood corpuscles in 
« smear (rom a chancre (X 1200) From a 
preparation stained with G emsa s stain 
mtb alkali for three hours. The trepone 
mala vrere purplish zed lefnngcns, bimsh 
purple, red carpuscles deep slate bine. 


10 to 12 /j, or somewhat greater than the diameter of a red 
blood corpuscle, and it exhibits five to twelve, sometimes more, 
spiral curv es, w hich are sharp and regular, and resemble the curv es of 
a corkscrew (Figs 345 and 346) As seen in fresh matenal bj dark 
field illumination it moves relatively slowly, forward or backward, 
rotating on its long a.tis and retaimng its regular curves It takes 
up stains so poorl> and is so delicate that it is difficult to sec even 
in well stained preparations a high magnification and careful focusing 
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are, therefore, required Upon ulcerated surfaces it is often mingled 
with other spiral micro orgamsms, which adds to the difficulty of its 
detection The most notable of these is Borrdia refrtngeiis, described 
on page 514 

Trtponevia pallidum is most easily demonstrated in chancres and 
mucous patches, although the skin lesions — papules, pustules, rose 
olous areas — often contain large numbers Tissue juice from the 
deeper portions of the lesions is the most favorable material for 
exammation, because the organisms are commonly more abundant 
than upon ulcerated surfaces and are rarely accompanied by other 
micro orgarusms After cleansing the surface is gently scraped with 
a curet or rubbed briskly with a swab of cotton or gauze In a few 
moments serum will exude and very thin smears are then made from 
it Exudation of serum may be hastened by gentle squeezing or by 
suction with a glass tube provided with a rubber nipple In trans 
fernng the serum from the lesion to the slide or cover glass it is con 
venient to use a capillary pipet The nibbmg should not be so vigor 
ous as to bring much blood, because the corpuscles may hide the 
treponemata, but a few red corpuscles are on advantage as an aid 
m locating favorable fields and as a check upon the quality of the 
staimng Best fields are those with the clearest badrground and with 
a few red corpuscles which must be well stained, well preserved, and 
not shrunken If the regional lymph nodes show eidargement the 
method of choice is aspiration The skm is painted with lodme, and 
a stout hypodermic needle attached to a small synnge containing a 
few drops of sterile physiologic salt solution is inserted into the gland 
Penetration of the capsule- is shown by the movements of the gland 
when the needle is moved The needle is rotated to break up some 
of the gland tissue, the salt is injected, the needle is agam moved 
about shghtly, and the fluid is withdrawn Fluid thus obtained is 
often very ndi m treponemata and is extremely unhkely to contain 
any other organism 

Methods for Treponema pallidum — Undoubtedly the most 
satisfactory method lor detection and microscopic study of any of the 
group of spirochetes is examination of fresh fluid by dark field iITu 
mination (p 5), but this is seldom available in the small laboratory 
The practitioner will generally rely on staining methods Of these the 
authors recommend Giemsa’s method, and, espeaally, the Fontana 
Tnbondeau silver method 

Giemsa’s stem (p 255) is the most widely used and is one of the best 
(Fig 346) It IS best purchased ready prepared Smears are fixed m absolute 
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alcoiol for fifteen minutes Ten drops of the stain are added to 10 c c. of 
faintly alkaline distilled water (I drop of a I per cent solution of potassium 
carbonate to 10 c c of the water), and the fi'^ed smear is immersed on edge 
m this diluted stain for one to three hours or longer It is then rinsed in dis 
tilled water, dried, and mounted Xfore mtcnse staining may be obtamed and 
the time shorten^ b> conducting the process m the mcubator In well 
stamed specunens Treponema fidltdum is reddish, most other micro 
organisms, bluish If desired, Giemsa's stam may be used as described for 
blood (p 255), but the organisms do not then stand out quite so clearly 

It IS a waste of time to search for treponemata tn films m which the 
leuhocj-tes and the red corpuscles are not well stamed The nuclei of the 
former should be dark purple, the latter should be deep copper red or salmon 
colored when the stam is used as for blood, and deep slate blue when alkali 
has been added 

Wnght’s blood stain, used m the manner already described (p 253), 
eicept that the diluted stain is allowed to act upon the film for fifteen 
mmutes, gu cs fair results Afedalia uses 1 per cent sodium carbonate instead 
of water for diluting the Wnght stam on the shde, and stams, with very 
gentle steaming, for twenty mmutes 

Silver Method —The silwr impregnation method has long been used 
for tissues It is probably bestapphed to smears b> the Fonlana Tnbondesu 
method 

1 Thoroughly di> m the air 

2 Mash seieral tunes with & solution consisting of 1 ec glacial acetic 
acid, 2 cc of formalin, and 100 cc of distilled xvaler Rinse gently with 
alcohol and flame oS the excess 

3 Cover with 5 per cent aqueous solution of tannic aad, heat until 
steam nses, and allow to coo! for thirty seconds 

4 Rinse m water, cover with Fontana’s silver solution, heal until steam 
nses, and allow to cool for thirtj seconds 

5 Wash, dry, and mount 

Spirochetes are brown to black 

Fontana’s silier solution must be freshly prepared as follows To a 
5 per cent solution of siIn er nitrate m distilled water add diluted ammonium 
hj dioxide drop by drop from a capillary pipet until the heavy milky pre- 
apjtate which first forms, redissoh’es on shaking To the clear solution 
add more silver mlrste drep by drqp lujld a slight cipalescence just appears 
on shakmg 

India Inlt Method — A small drop of India mk of good grade (GQnther 
and R agner’s ' Chm Chm liquid pearl ’ or Grubler’s “nach Bum” recom 
mended, ‘Bioloid Black” may also be iced, and is more easily obtained) is 
mixed on a shde with I or 2 small drops of serum from the suspected lesion 
The rmxture is then spread over the shde and allowed to drj After drj'ing, 
it IS examined with an oil immersion lens Micro-organisms, mcluding 
Treponema paUtdum, appear dear white on a brown or black background, 
much as they do with the dark ground condenser (Fig 345) If desired, 
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the mixture of mk and serum may be covered with a cover glass and exam 
med in the moist state, the bving organisms being thus demonstrated 
Because of its extreme simplicity this method has been favorably received 
It cannot, howe%er, be absolutdy relied upon, since, as has been pointed 
out, many India inks contain wavy vegetable fibrils whidi might easily 
mislead a beginner, and sometimes, indeed, even an experienced worker 
Instead of India i^, coUargbl, diluted with water and thoroughly 
shaken, has been recommended 

In staining spirochetes in tissue Miss De Galantha* has been very 
successful With following tedimc 

1 Fix m formalin, 10 per cent Tissues fixed for manj years have given 
positive results 

2 Embed m paraffin by the usual technic and cut sections about 5 
microns m thickness Sections cut after freezing would serve as well, if 
cut thin enough 

3 Remove paraffin m usual manner 

4 Immerse in mtricaud. 20 per cent, for ten minutes 

5 Wash well m tap water and nnse m distilled water 

6 Immerse in silver nitrate, 3 per cent, heated to 50^ C , for fifteen 
minutes 

7 Place slides m Petri dish, sections facing up, and pour over them 
gently the following solution, shaking dish until sections are light brown 
S C.C. of silver nitrate, 3 per cent, to which are added 20 c c. of gelatin 3 
per cent, at 40® C , and I c c of hydroqumone, 1 pet cent The hydro- 
quinone must be added quickly and tbe resulting muture must be used 
immediately and made fresh for each batch of slides 

8 Wash slides in distilled water at 50“ C to remove gelatin, then in 
tap water 

9 Immerse in 1 per cent formalm for two mmutes 

10 Wash m dislUled water 

11 Placcinsodiumbyposulfite, 2 per cent, for ti»o minutes 

12 Dip m tap water 

13 Beh>diate clear, and mount in Canada balsam. 

SEMEN 

Absence of spermatozoa is a more common cause of sterility than 
IS generally recognized In some cases they are present, but lose then 
motility immediately after ejacidatioo 

Semen should be kept wann until examined When it must be 
transported any considerable distance a vacuum bottle may be used 
In Its absence the method suggested by Boston is convenient The 

<l>e Galantha, Elena Modified Slver Stain for Treponema Pallidum Am. Jour 
dm Path., 2-6J (Jan ) 1932 
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fresh semen is placed m a small bottle, to the neck of which a stnng 
IS attached This is then suspended from a button on the trousers 
so that the bottle rests against the skin of the inguinal region It 
may be earned m this way for hours IVhen ready to examine, place 
a small quantity upon a warmed slide and apply a cover The sper 
matoaoa are readily seen with a 4-inni objective (Fig 77, p 156} 
Normally, they are abundant and m active motion 

If an estimation of the number is desired, spermatozoa may be 
counted as are white corpuscles, using 05 per cent chloraaene as a 
diluent Draw the semen to the 0 5 mark m a white blood corpuscle 
pipet and draw the chlorazene to the 11 mark Shake for three mmutes 
and place a drop on a hemocytometer counting diamber Count the 
number of spermatozoa m 2 square millimeters, add 5 aphers to give 
the coimt per cubic centimeter This will nonnally be many millions 

Smears may be made as are blood smears They should be dned by 
holding them face down high abo\e a flame and then fixed by the heat 
of a flame Allow the shdes to stand for several hours to dry thoroughly 
before staining by the following technic Place in 0 5 per cent chlora 
zene for three minutes and then wash m water Dehydrate by plaang 
in 95 per cent alcohol and allow the shdes to dry Siam with crystal 
violet (0 25 per cent) for two to three minutes, wash in water and 
decolorize with 95 per cent alcohol for twenty seconds Agan wash m 
water and stam wiA rose bengal (1 per cent) for ten seconds Wash m 
water, dry m the air and mount in Canada balsam Make a differential 
count of from 200 to 500 spermatozoa and record the percentage of 
normal and abnormal heads A normal head is uniformly oval with 
good demarcation between the lightly stained forepart and the deeply 
stained postenor portion Any deviation m size, shape or tmctonal 
characteristics of the head classifies the spermatozoon as abnormal 
Any increase above 20 per cent of abnormal heads may be considered 
pathologic For a discussion of the importance of sperm examinations 
and for references to the Uterature, the reader is referred to the studies 
of Moench ^ 

Detection of semen m stains upon dothmg is often important 
The finding of spermatozoa after soaking the stain for an hour m 
normal salt solution or dilute alcohol and teasing m the same fluid, 
IS absolute proof that the stain m question, is semen, although it is 
not possible to distinguish human semen from that of the lower 
animals m this wa> A httle eosm added to the flmd will bring the 

* iloencb G L The t^eUtioa of Certain Seminal nadiogs to Fertility with Special 
Reference to Sperm Concentrabon and the SgmSotace of Teabcular Epithelial la 
Semen, Amer Jour Sura., <7 58^596 (Mar) 1940 
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8 f)cnnato 2 oa out more cJcirI>, mininp Use h-'aHi red and ibr t3jl« 
pmU The tvls of most of the sperms uRI be broVen off lij ll c icastru 
Florence s Reaction —Ibe suspeettt! matem! is soflcne<l with 
water, placed upon a sliile with ti few dfoi»i of the reagent and ex 
ammol at once with a mctlmm f»o«cr of the nicnMcoyM: If the ms 
tcnal be semen, there will be found dark broirti crjutals (Hg 317) 
In llic form of rhombic platelets resembling hemm cr>-5tali or of 
needles often grouftetlln clusters 'IliesACTsstslscan nlwi l;e obtajre<l 
from crusJitd insects intcrj extracts tf sanous Internal orgins and 
certain other subatnnees «o lint thej are rot abwalutc p'oof of the 
presence of «cmen Negatnx results, on the oil er liand arc practically 





Fir W7 — VrJnil crri»b (n«! « a i tc) (X *'0) ffm a *li.a eo delLcf A 
(} rtsc] ii I’Kh In’S utrd fa lh« inl, tli« lUa thrr« jrtn a'>:l favr eid. 

(I (t«ncm And lUinn.} 

conclusive Vcr\ rarely does the reaction (ad even when the setren 
IS mam years old 

The reagent consists of io<linc, 2 5t Gm , potassium Iodide, 1 65 
Gm , and disldlccl water, 30 cc 

Ilcktocn' lias elaborated a prrapitm test, which Is spcai c not 
only for semen but for the particular species 

v/rREOITAKCr TFSTS 

Tlic early diagnosis of pregnmQ is sometimes of imjwrtance 
Various laboratory tc'ls for this condition have been suggested but 
*lfcklo«n Lu<1*{r Specific PredplUaTctt tor Ilaisan^nm Jour Am.Mni Atia. 
Tf 7<H-*0S (M«r 11) 1922. 
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none proved practical tuitil Asdhheim* and Zondek descnbed a method 
Their test is ba'sed on the fact that early in pregnancy a great ercess 
of Uie hormone from the anterior lobe of the pituitary is produced 
This hormone is excreted in the unne, and can be demonstrated by 
the effect on the sex organs of laboratory animals when unne is 
m)^ed 

,^schheita-Zoadek Test for Pregnancy — ^Take fi\e immature 
female mice ^\eighing from 5 to 7 Gra Inject subcutaneously vath 
cathetenred morning unne as follows 0 2cc into mouse No 1,0 25 
c c. into mouse No 2, 0 3 c c. mto mouse No 3, and also mto mouse 
No 4, and 0 4 c c into mouse No 5 A siirth mouse may sometimes 
be used, and into this animal inject 0 25 c c of unne One hundred 
hours after the first injection kill the imee with lUummating gas and 
perform necropsy Because of the time interval it is suggested that 
Monday, Tuesdaj , and Thursday may be the best days for startmg 
the test Inspect the ovanes with a hand lens Normal immature 
ovaries are pinhead m sire, and pale in appearance If all of the animals 
are found to be normal the test is negative A positive reaction is 
evndenced by enlargement of the o%anes to two or three times normal 
size, and by minute yellowish protrusions of corpora lutea, or tyanotic 
protrusions which are due to hemorrhages into a follicle or a 
corpus luteum There is also often swelling and hyperemia of the 
uterus 

The authors and several other investigators daun that this test is 
positive in 98 per cenb of cases of early pregnancy It has been reported 
also positive in cases of hydatifotm mole and m chononepithehoma 

Friedman Modification — Reinhart and Scott,* and also Schneider,* 
following the work of Fnedman,* have greatly simplified the test for 
the demonstration of excess of this hormone during pregnancy by 
using a single, nonpregnant rabbit weighing not less than 4 pounds 
Inject intravenously 10 to 15 c c of freshly passed urme Examine 
the animal m twenty four hours for the effects of the hormone Cor 
pora haemorrhagica, or several corpora lutea are the signs of a positive 

* Aicisheim, S The Early Diagnosis of Piegnaocy Chonon-<p tbehoma and Hy 
dauform Mole by the Asebbeua Zoodek Tes^ Am. Jour Obsh and Gynea, JP 335-542 
(Mar) 1930 

* Reiflhart, H L , and Scott, Ernest The Hormone Teat for Pregnancy Am. Jour 
Clm Path , / 113-126 (Mar ) 1931 Reinhart, It L. The Results of Two Vears Ex 
penence wuh the Enedman Test, Am, Jem O a Path , J-9-15 (Jan ) 1933 

* Schneider P F A Hormone Test of Early Pregnant Surg Gynec. and Obst 
52 56*60 (Jan) 1931 

‘Fnednuaa M H Mechanism of Ovalatioa m the Rabbit H Ovulahoa Pro- 
duced by the Injection of Unne from I^egnant Women Am Jour PhysioL PO 617-622 
(Nov) 1929 



650 


inSCEttANEOUS EXAMINATIONS 


physicochemical reaction of the blood remaining unchanged except in 
very extreme conditions ” Tor practical purposes it may be regarded 
as a decrease m the titratable alkalinity of the blood 

Smce the fixed bases of the blood constitute the chief means of 
transporting carbon dioxide from the tissues to the lungs, depletion 
of the supplj of fixed base reduces the capaaty of the blood to carry 
carbon dioxide This leads to accumulation of carbon dioxide m the 
tissues and consequent blockmg of the processes of oxidation so that 
the individual suffers from asphyxia exactly as if he were deprived of 
air The respiratory center is sUmulaied, leading to mcreased pulmon- 
ary ventilation, which, nhen marked, becomes hyperpnea or air 
hunger a most cbaractenstic clinical sign of acidosis 

Conditions m which aadosis might occur may, following hfacleod 
be outhned as follows 
I Increase of acids in the body 

1 Excessive formation of aads 

(a) Excessive formation of beta ovybutync and diacetic 
aads from defective oxidation of fats m disturb 
ances of carboh> drate znetabohsm or in carbohydrate 
starvation This is a ojmmon and important form 
of aadosis, sometimes called ‘T.etosis," and is best 
seen in diabetes mcllitus 

(i) Excessive decomposition of proteins, as in fevers 
(c) Formation of acid m excessive intestinal fermentation 

2 Accumulation of aads because of defective elimination 

(a) Accumulation due to diminished ahihty of the kidneys 
to excrete aad, as m chronic mterstitial nephritis 
(ft) Accumulation of carbon dioxide in asphymal conations 

3 Administration of acids Large therapeutic doses of hydro- 

chlonc aad may cause aadosis of suffiaent degree to be 
detected by certain of the laboratory tests 
II Decrease of ba«e There may be a primary loss of alkali reserve 
by abstraction of fixed base, as lu very severe diarrheal condi 
tions, pancreatic and bihary fistulae, and so forth Lack of 
suffiaent base in the food to restore the normal loss might con 
ceiva’oly be a iactor m some cases 
Chnically, aadosis of sufficient degree to have any senous sig 
mficance occurs m only a few conditions Diabetes melhtus, in whi^ 
the aadosis is due to excessive production of beta oxybutync and 
diacetic aads, acute nephntis and advanced chrome interstitial neph 
ntis, in which there appears to be accumulation of aad from failure 
of the kidneys to excrete aads normally, Asiatic cholera, in which 
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Uie acidosis is due partly to abstraction of base, partly to coexistent 
nephntis and certain diarrheal (Xinditions of childhood, in which the 
cause of the aadosis is uncertain 

Jlilder grades of acidosis without serious chmcal significance may 
occur in a vanety of conditions, notably acute rheiunatic fever, ad 
\anced cachexias, and severe anemias 

It must also be borne in mind that there may occur a condition 
that IS the opposite of aadosis, namely, ^‘alkalosis ” In the^ patients 
the COj combining power of the blood is high The aindition is 
particularly important when renal function is impaired, or m pylonc 
obstruction when tetany may occur The administration of sodium 
bicarbonate is, of course, dcadedly contraindicated m such a condition 
*y*iests for Acidosis — The characteristic chmcal sign of aadosis is 
hyperpnea or air hunger, but this is a comparatively late symptom 
The state of aadosis can be diagnosed by laboratory means long 
before definite chmcal sjanptoms develop The various laboratory 
tests are based upon one or another of the facts regarding the cause and 
nature of aadosis which have been mentioned m the previous pages 
and may be classified as follows 

I Tests uhtek measure the k^drogen ton coMentrolwn oj the blood 
None of these need be given here While an maease of hydrogen ion 
concentration is indeed very definite evidence of aadosis, yet, as has 
been shown m the previous pages, the buffer action of the carbonates, 
phosphates and proteins of the blood is so effective that hydrogen ion 
concentration changes only when the aadosis is very severe 

H Tests uhich measure the alkah reserve — practically the buffer 
power of the blood and tissues — either directly or indirectly Since 
aadosis is essentially a depletion of this reserve, these tests are theo' 
retically the best and most generally apphcable, provided the techmcal 
methods are satisfactoiy 

1 Titratable alkalinity of the blood 

2 The bicarbonate tolerance test of Sellards, given m detail on 
page 69 This consists in finding the amount of sodium bicarbonate 
which can be given by mouth or intravenously without causing the 
unne to become alkaline to htmus The tolerance of a normal mdi 
vidual IS about 3 to 5 Gm , m aadosis it may reach 100 to I50 Gm 
It is assumed that this amount is retained in the body in order to 
restore the depleted reserve This is one of the most satisfactory 
dinical tests for aadosis for it is applicable to all forms, is suffiaently 
sensitive to detect the shght grades which produce no chmcal symp- 
toms furnishes a very definite measure of the degree of aadosis, and 
at the same tune supphes the approved treatment 
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3 The carbon dioxide carrying power of the blood Carbon dioade 
IS earned to the lungs chiefly m combination with the fixed bases 
which are the pnnapal buffer substances of the blood "When these 
are duninished the capacity of the blood to carry carbon dioxide is 
corresponding!) duninished The carbon dioxide combining power of 
the blood plasma is then a useful measure of the reserve of fixed 
bases in the blood, and may be dctennined by the method of van 
Slyhe and Cullen, desenbed on page 397 This is probably the most 
reliable test for aadosis and is apphcable to all forms 

4 Carbon dioxide tension of alveolar air The percentage of 
carbon dioxide in the expired air depends upon the power of the blood 
to transport carbon dioxide, that is, upon the supply of fixed bases, 
and, other things being equal, vanes directly with it Other factors 
which influence the carbon dioxide tension of expued air are mcreased 
pulmonary ventilation and changes m the lungs which interfere with 
the exchange of gases The fonner is best illustrated by the effect of 
high altitudes, where, as Yandell Henderson has remarked, all mhabi 
tants suffer from acidosis if this test be taken as the sole criterion 
The simplest method for detenmnmg the percentage of carbon dioxide 
m alveolar air is that of hfamott 

Marriott's Method for Carboa>d!Oxide Tension of Alreotar Air— 
This IS based upon the change m reaction and corresponding change in 
color of a standard carbonate solution containing the indicator phenol 
sulfonephthalein when the alveolar air is passed through it, the degree 
of change depending upon the tension of carbon dioxide m the air regardless 
of the amount of air which passes through the solution The color change 
13 xaeasurtd by comparison with a senes of color standards of known 
hydrogen ion concentration 

The complete outfit (Rg 348) for this method may be purchased 
ready for use ^ It consists of a set of 8 neutral glass tubes filled with stand 
ardixed color solutions and numbered 10, 15, 20, 25, 30, 35, 40, 45, respec 
uvely, a long test tube, a capillary tube, and a comparison box. These ate 
contained in a small wooden box The outfit also includes a flask of indicator 
solution, a rubber bag of about 1000 cc. capaaty, with mouthpiece and 
pinch-cock, and a rubber inflation bulb It is accompamed by full directions 

The reading is in terms of miUimeters of mercury In normal adults 
this generally falls between 40 and 45 mm , in mild aodosis, 30 to 35 
mm , in severe aadosis, below 20 mm 

HI Tests •which show excessioe or abtiomal formation of acids 
I Thk if sixnufactured In' HyssoB, Woteott & Tlnnnmj Btltisiore 
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xnlhn the body WTien such is demonstrated aadosis or, at least, the 
tendency to aadosis is assumed 

1 Detection of abnormal aads This is practicable only in the 
case of beta-ox}butync and diacetic aads, which, together with the 
derivative acetone, can be detected in the unne (p 107) 

2 Detection of eiccessiv’c chmmation of aads, whidi presupposes 
excessive production 

(o) By quantitative estimation of ammonium salts in unne (p 
S4) This is of much value m diabetes where a large proportion of 
the abnormal acid is neutralized by ammonia and excreted as am 
momum salts in the unne For some reason, not yet clear, ammonium 
salts of the unne are not increased in the aadosis of nephntis In 
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this connection the work of Nash and Benedict, indicating that forma 
tion of ammonia is a function of the normal kidney, is interesting 
It must not be forgotten that other conditions, such as organic disease 
of the liver, which decrease the formation of urea, may mcrease 
ammonium salts m the unne 

(6) By titrating the total aadity of the unne ^ 68) This gives 
a rough index of aadosis but has hltle practical value because the 
ability of the kidney to secrete an excess of aad is hmited, especially 
m nephntis 

CAPaLARY MICROSCOPY 

The pnnciples of microscopic study of the capillanes were first 
laid down by Lombard m a study of the blood pressure m artenoles 
If a drop of transparent oil, such ea cedarwood oil, is placed on the 
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skm and examination made under a low power microscope by a strong 
bght, a remarkable view of the superfiaal terminal vessels may be 
obtained Recently considerable attention was paid to this subject, 
which started as a physiologic study, as it has some clmical appbca 
tion m such conditions as polyQ'titcmia and Raynaud’s disease The 
studies are directed tow’ard form, size, tonus, flow, and reaction to 
stimuli 

Several attempts have been made to utilize photography The 
problems of sufBaent light for quid, exposures, prevention of move 
ment, elimination of heat and actinic rays, and accurate focusing 
have all had to be met Some of the best photographs have been ob 




Fig 349— -Nonnal capiUanei (X SO) Fig 3aO—Capillane«u Raynaud (disease 
(Sheard ) <X SO) (Sheard ) 

tamed by a method described by Sheard (Figs 349 and 350) The 
student is referred to the literature* for further details on this interest 
mg subject which may prove to be of considerable value in studying 
certain rather rare diseases 

* Sbeaid, Chatlea lostantaneoua Fbotomio’ognptiy of the Skin CapiUanes in the 
Laving Ruioan Body, Soeace <W 409-410 (Oct 31) 1924 Sheaid Charles -and Brown 
G E A hlethod for Instantaneous Photomicrography of the Skin CapIUanes Jour 
Lab and Qm Med /0'925-929 (Aug) 1925 CiUander C. L Photomicrograph c 
Studies of hlorphology of Surface CapiOanes in IlealUi imd Disease I The Anatomy of 
Normal Surface Capillaries and a Photographic Method of Their ObservaUon and Re- 
cording Jour Am- Med Assn S4 35'* 336 0«n 31) 1925 CilSn H 2, and Brown 
C. T- ^AtiiinftcfiVkitVaSiCifiarCSujflige^TiiCaswiftT^ycy^enuaNKa. tan 5oitt We6 
Sc i7l 157 168 (Feb ) 1926 
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SERODUGNOSTIC METHODS 
PRELIMIWARY COKSmERATIOITS 

When an indwdual suffers from an infectious disease there are 
formed by his tissues certain substances ^hich possess the power to 
destroy or otherwise injunously affect the disease produang agent, 
or to neutralize its poisons TTiey reside in the blood plasma and 
lymph, and appear m the serum when the blood coagulates They 
maj appear m the blood \'ery soon after the individual is taken sick, 
or thej maj be delayed untd the disease is nell advanced, and they 
may remain for a \anable time after his recovery 

These substanas, called “antibodies” or “immune bodies,” are 
sptajic, that is, each is produced only as a result of the activity with 
m the bodj of a particular disease produang agent, or “antigen ” 
and it acts antagomsUcally against this particular antigen alone 
Therefore the presence of any of these immune bodies in an indi 
vidual’s blood may, with certain exceptions to be noted later, be 
regarded as pathognomonic of the corresponding disease and the 
search for them may be resorted to for diagnostic purposes whenever 
they can be found more easily than can the disease producing agent 
Upon this foundation has grown up a long senes of diagnostic pro- 
cedures, some simple, some very compbeated, which play an impor 
tant and growmg part in mediane under the name “seroiagnosis ” 
\\ith the exception of the “flocculation” methods for the diag 
nosis of syphilis the tests desenbed in this chapter belong m this 
category, and it is therefore necessary to give suci defimtions of the 
immune bodies concerned as may enable the reader to undertake the 
tests with a reasonably intelligent conception of their mechanism 
The mode of formation, structure, and action of the antibodies is 
a^shsmsaly described m terms of Ebibch’s ‘‘srdedtsja theory of 
immunity ’ which divides them into three “orders.” 

Immune Bodies of the First Order — These are antibodies with one 
combmmg portion only They seize upon the antigen, which m this 
case is a toxin, while it is still free in the blood and lymph, m such a 
manner as to leave it no imsaturated affimties by which it may com 
bine with the tissues The toxin is thus rendered harmless This 
order of immune bodies includes only the antitoxms, for example, 
^55 
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those of diphtheria and tetanus They are extremely important in 
mediane, but are not utilued for diagnosis 

Immune Bodies of the Second Order— These have a combining 
portion similar to that of the first order, and, in addition, a portion 
possessing a ferment like action, by means of which the charactenstic 
action of the body is affected The ferment, or zymophore, portion is 
readily destroyed by heat, so that serum to he used for any of the 
purposes included in the group must not be heated The group m 
eludes the agglutinins, responsible for the several appUcations of the 
Widal reaction, the precipitms, responsible for one of the biologic 
methods to be desenbed later for the identification of blood stains, 
and the opsonms 

Immune Bodies of the Third Order — ^These antibodies consist of 
two combining aCBnities only One of these combines with the antigen, 
the other combines with a substance which is called complement 
because it ‘ complements" or supplements or completes the speafic 
action of the immune substance Oimplement is normally present in 
the blood but is imable to act upon the antigen without the mediation 
and Bid of the immune body The latter is, therefore, called the am 
boceptor It is relatively thermostabile and keeps lor a long tune 
under suitable conditions It is to be remembered that this is the 
speofic immune substance whose presence or absence is indicative of 
the presence or absence of the corresponding disease The native 
normally present complement is relatively thermolabile, being de 
stroyed in a few minutes by a temperature of 54'’ to 56® C , and keeps 
only a few days under the best conditions It is nonspecific, and 
within certain limits the complement of one speaes may be substi 
tuted for that of another 

This group includes the bactcnolysms and hemolysins which ate 
utilized m the vanous applications of the complement fixation method 
to the diagnosis of syphilis OVassermann reaction), gonorrhea tubercul 
osis echinococcus di^ase 

L REACTIOHS BASED UPON IMM0HE BODIES OF THE SECOND 
ORDER 

K. Thb AooLwxnmis 

Agglutination tests may be employed for the diagnosis of a vanety 
of infections — typhoid paratyphoid baallary dysentery, the plague, 
Asiatic cholera, epidemic menmgitis, and others In clinical work it 
is used chie/ly for the diagnosis of typhoid and paratyphoid infections 
and IS then known as the Widal leaclion This method is also used 
in the diagnosis of tularemia and unduUnt fever 
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\J^The Widal Test — (1) Matenals Required — 1 A homogeneous 
suspension of bacteria of the species suspected of causing tbe'disease, 
m this case typhoid or paratyphoid bacitli 

Tor the tftacrosccptc tfieihod suspensions of lulled organisms are 
used, and these may be purchased from the manufacturers of biologic 
preparations or maj be prepared bj the worker himself In the latter 
case one uses a twenty four hour bouiUon culture of a strain of the 
miao^rgamsm which has been attenuated by at least several weeks 
growth on culture media, with frequent transplantation To each 10 
cc of the bouillon culture isaddedOlcc of a 10 per cent solution of 
the standard" 40 per cent formaldehyde The culture is then placed 
to the ice box, and will be sterile in three or four days It should be 
shaken Angorouslj several times a day If any clumps remain, the 



Fte 351 -"Metliod of obt^rung blood fa a Wngbt A Filling the capsule the 

long aim should be held more nearly bonzontal than is here represented B the bulb hu 
been warmed and the capIUaiy end sealed m tbe flame C, cooling of the capsule has drawn 
the blood to the sealed end D, the serum has separated and the top of the capsule has 
been broken off 

suspension should be filtered through a layer of stenle absorbent 
cotton Such a suspension wnU keep for many months Whenever 
any tendency to spontaneous agglutination becomes evident it must 
be discarded 

For the intcrosccptc irtelhod living botuUon cultures of eighteen to 
twenty four hours’ growth are employed 

2 About 0 1 c c or the tahent*! serum This is best obtained by 
venipuncture, withdrawing 1 or 2 cc of the patient's blood It may 
also be obtained by pricking the deansed finger or ear rather deeply, 
and collectmg 10 or 15 drops of blood m one of the capsules shown in 
Figs 351 to 353 More than one capsule should be at hand, so that 
a fresh one may be substituted ^ould the first be plugged by fibnn 
before enough blood is obtamed 



6s8 


SEaODlAGNOSnc METHOPS 


Suffiaent blood may also be collected by allowng drops to dry, 0 D 
glass or unglazed paper (without heating), to be afterward macerated 
m water In this case, hoT\e\er, dilutions can only be made appron 
mately 




Tig 352 —A satisfactory glass caiKule for obtaiciog small quantities of blood, as for 
the \\ idsl test Tlie straight tube («) ts more cooveiuent to carry m the band bag than is 
Wnghts capsule It may be bent as sbotm in the lower figure by bnef appbcatioa of a 
match flame at the bedside After the tube is filled the ends may be sealed with the match 
Same 


3 Phymlogtc saline 

4 Small test tubes, about S mm in diameter, are required for the 
macroscopic test These may be made from short sections of glass 
tubing by scaling one end m a flame 



Fig 353 — A very satisfactory blood capsule descnbetl by Lyon A short section of 
glass tubing Is heated and drawn out asm nukingacapiUarypipet the brge end is sealed 
in the flame and after it has cooled, the capillary up u sealed The side of the tube near 
the eaplflary end is then h^ ui fhe edge cd a Qame untH It softens and a blow hole ' is 
formed through expansion of the contained air The tip of the eapfUary portion is then 
broken oS and the capsule is filled as shown in the figUK, the ‘ blow hole ’ allowing the 
blood to enter freely 

5 SfiJci, preferably hollow ground, cater glasses, and vasehn, are 
required for the microscopic test 

(2) Methods — ^Two methods of performing the test, the macro- 
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scopic and the nucroscopic will be described The former is probably 
preferable 

(c) Macroscopic Method — Separate the clot and serum by cen 
tnfugation Pipet oS the serum, and place it m a clean test tube 
Place se\en small test tubes m a racL, and add to each one, except the 
first, 0 5 c c of physiologic saline by means of a serologic pipet Then 
place, in the first tube only, 0 1 c c. of the blood serum, and add 0 9 
c c of physiologic solution of sodium chlonde Shake the first tube 
and transfer 0 5 c c of the diluted serum to the second tube Shake 
the second tube, and with the pipet transfer 0 5 c c. to the third tube 
Shale this tube, and transfer 0 5 c.c to the fourth tube, and so on, to 
the next to the last tube, from which 0 5 c c. should be discarded 
The last tube ser^'es as a control and should contam only 0 5 c c of 
salt solution, without any serum One thus arrives at a senes of dilu. 
tions of the serum, as follows 1 10, 1 20, 1 40, 1 80, 1 16Q, 1 320 
Now add to each tube 0 S c c of the suspension of killed bactena 
This doubles the dilution of the serum m each of the tubes, so that 
the final dilutions will be I 20, 1 40, 1 80, 1 160, 1320 and 1 640 At 
tunes it may be desirable to add one more tube containmg a dilution of 
serum of 1 1280 Mix all the tubes thoroughly by shaking, and place 
the rack in a moderately warm place or in the incubator for ei^t to 
tweK e hours In those tubes m which the reaction is positive there will 
be found a sediment consisting of agglutinated bactena at the bottom 
of the test tube, with a clear supernatant fluid The control tube and 
the negative tubes will be cloudy and without sediment 

Bass and Watkins have described a modification of the macroscopic 
method (using very concentrated suspensions of the bacUli) by which 
the test can be applied at the bedside Agglutination occurs within a few 
mmutK A similar technic is used by Huddleson for the rapid demonstration 
of agglutinins with a concentrated Brucella aiortus antigen (p SOS) 

(b) Microscopic Method — Arrange a senes of dilutions of the 
blood serum as above, or, if dned blood be used, macerate the dned 
clot with salt solution or tap water the latter case, unless the 
size of the onginal drop of blood be known, the color is the oal} 
guide as to the degree of dilution A Lght amber color will rou^y 
correspond to a dilution of 1 50 From such a dilution others can 
be prepared On the center of each of several clean cover glasses 
place a loopful of each of the several dilutions, emplojnng a platinum 
loop of about 2 mm diameter W ith the same loop add to each droplet 
of dfluted serum a loop from a twelve to twenty four hour-old'bomllon 
culture of the organism m question, or of a suspension m salt solution 
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from two to four hours, while “0” agglutination tests Aould be in 
cubated for from four to twenty four hours at 55® C It is advisable 
at tunes also to place agglutmation tests m the refrigerator over night 
after preliminary incubation 

2. Agglutination Method in Identification of Bacteria — 
The agglutination test ma> also be used as a means of differentiating 
certain bacterial species, a su^nsion of the organisms being nuxed 
with ascending dilutions of blood serum of an animal which has been 
immunized against the species m question If agglutination occurs 
in high dilution, the organism is of the same species as that which n as 
used for the immunization Recently isolated cultures are, honever, 
more resistant to agglutination than old attenuated ones The technic 
IS that given for the Widal test, the macroscopic method being gen 
eraliy the more satisfactory The agglutination method is most 
frequently used to estabhsh the identity of suspected typhoid and para 
typhoid bacilli recovered from blood, unne, or feces, for the menin 
gococcus when found m throat cultures and for determining the types 
of the pneumococcus Immune serum for these purposes can be secured 
from the biologic supply houses 

3. Wcil-Fellx Reaction —Weil and Felix isolated proteus organ 
isms from the unne of patients sufleruig from typhus fev’er ^Vhlle 
these organisms are apparently nonpathogcnic, one strain, particularly 
“X 19," used as an antigen is agglutmated by high dilutions of serums 
from cases of typhus fever, trench fever, and Rochy Mountain spotted 
fever The antigen is made from the ‘ 0" strain {ohtie hauch) of Proteus 
X 19 by washmg the culture off an agar slant and blling the growth 
mth about 3 c c of 10 per cent formalin solution, or the killed culture 
may be obtained as an antigen from the commeraal biologic laboia 
tones The agglutination test is set up in a manner similar to the 
macroscopic Widal test, which is described on page 659 

B The PnEcirmHs 

These may be utilized for many purposes, notably for the biologic 
identification of unknoivn proteins, for diagnosis of echinococcus 
disease, and for determining the types of the pneumococcus 

1. Biologic Identification of Unknown Proteins — This is 
applied chiefly to the differentiation of human and animal blood for 
m^colegal purposes 

(1) Matenals Required — ^The following equipment is needed 

1 Blood serum of an animal (rabbit) highly immunized against 
the protein to be determined Immunize se\'eral rabbits by intra 
venous or intrapentoneal mjections of a stenle solution of the desired 
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protein, for example, human blood, or, better, blood serum The 
blood may be obtained from a \em The doses may be gi\en at fi%e 
daj inters als, tuD doses of 8 c c cadi, tvsT) of S c c , and two of 3 c c 
To present anaphylactic shod, the rabbit may be desensitised bj 
injecting 0 2 c c of the serum one half hour before injection of ead 
of the later doses After the third or fourth dose draw 2 or 3 c c of 
blood from an ear \ cm, separate the scrum, and determine its strength 
as follon-s 

Prepare dilutions of (in this ca<^) human blood serum in the pro- 
portions 1 1000, 1^000, 1 10,000, 1 20, WO, and so forth, using physio- 
logic salt solution as a diluent Place 0 5 c c of the se\eral dilutions 
in each of a senes of very small test tubes By means of a capillary 
pipet, place 0 1 c.c of the rabbit’s scrum at the bottom of ead of the 
tubes so as to form a sharp line of ointact between the two fluids 
A distinct white cloud should appear at the line of contact m the 
lowest dilution (1 1000) mthin a minute or two, rapidly deepening to a 
flocculent preapitatc, the reaction develops more slowly m the hi^er 
dilutions, but no reaction is significant which is not definite within 
twenty minutes 

If the titration results as above described, anesthetize the rabbit 
ukilt It u in a fasltns condition, as otherwise the serum is likely to be 
opalescent Bleed the ammal from the heart, usmg large, stenie, 
all glass sjnnges, and stenie needles, and observing aseptic pre 
cautions Place the blood m stenie ccotnfuge tubes After dotting 
has occuned, separate the clot, centnfugahzc, remove the serum with 
a pipet and place in stenie bottles, and add a few drops of tricresol as 
a preservative If the serum is opalescent it cannot be used, if doudy 
It must be filtered dear through a stenie Berkefeld filter Some 
times the doudincss can be removed by simple centnfugation The 
titration above described should be repeated and verified before the 
serum is used for making the test proper 

Precipitating sera for the proteins of horse, dog, sheep, beef, fowl, 
etc , may, of course, be prepared m the same way 

2 A soCtAion of the unhio-j-n sudstanoc in pftystoiogte salt soUiiion 
The stock dilution should be about 1 1000 If made from a dried 
clot this can only be approximate The solution must be made per 
fectly dear — by filtration if necessary — and should meet the following 
conditions 

(a) It should be almost completely colorless by transmitted hght 

(A) It should give only a slight doudiness when heated with a 
htUe mtnc aad 

(c) It should, nevertheless, foam freely on shaking 
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(<i) It should be neither strongly acid not strongly all^Une to 
htmus Very weak sodium hydroxide or h>drochlonc aad may be 
used for neutralization 

(2) Method — ^Arrange a senes of 7 small test tubes and charge 
them as follows plaang the second fluid beneath the first by means 
of a capillary pipet as was described for the titration (p 663) 

Tuba Ko 1 — OJ c.c of tba solut on of the unkinran prolem, diluted 1 1000 plus 0 1 c c 
of the Immune Beniin 

Tube No 2 — 0.5 c c of the unkoown solution d luted 1 1000, plus 0 1 cc of nonasi 
rabbit serum. 

Tube No 3 —0.5 c c. of physiolopc salt solution plus 0 1 c.c of the immune serum 
Tube No 4 — 0.5 c.c of I lOOO dilution of known serum of the ipeaes suspected to be 
present in (be unknown matenal plus 0 1 cc of the immune serum 
Tube No 5 — 0.S c c. of a 1 1000 dilution of senim of a spenes different from that sus- 
pected to be present in the unknown material plus 0 1 c c of the im 
mune serum 

Tube No 6 —0 S cc o! the unknown solution alooe 

Tube No 7— If the solution of the unknown protein was made from a stain upon cloth 
leather or other matenal this tube should be set up It ooutaius 
0 S c c of a salt solution eitnct o! the matenal plus 0 1 e c of the 
immune serum 

^Vhen the first and the fourth tubes give a defimtely positive reac 
tiOQ, as indicated by a distinct whitish nng at the zone of contact of 
the two fluids and all the other tubes give a negative reaction, the 
presence of protein of the species tested for is established When 
only a limited amount of material is available the test can be made m 
capillary tubes 

(3) Interpretation of Results — The preapitin reaction is closely 
specific and is fully established for medicolegal purposes Here it is 
generally a question of the identity of blood stains on clothing or 
implements, and it must be remembered that the test does not prove 
the presence of Hoad, but only of a protein of the species indicated 
Doubt can anse only between the proteins of very closely related 
speaes as for example, man and monkey, sheep and goat, etc , and 
this can practically always be removed bj the use of adequate con 
trols The power of proteins to react with precipitin may be reduced 
or destroy ed by alcohol, formaldehyde, strong acids and alkalis, great 

OvAd WiMsd vs 'sa-oci*. 'smz wwA-avA \t> 
influences than is blood in the fluid state 

2 Other Precipitin Tests — ^The preapitins are very useful in 
diagnosis of echinococcus disease Ihc test may be applied m the 
manner desenbed above The two fluids required are flmd from a 
hjdatid <yst, which contains the pteapitable substance, and blood 
serum of the patient, which contains the specific preapitin if he be 
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suffering from echinococcus disease. Both fluids are used undiluted. 
The test may also be applied by mmng equal parts of the fluids in a 
test tube. A positive reaction is indicated by the appearance of a 
fiocculent precipitate vrithin one-half hour. Control tests should be 
carried out n-ith normal serum, and, when possible, with serum from 
a Icnown case of hydatid disease. 

For determining pneumococcus types in sputum, when the organ- 
ism cannot readily be obtained in sufficiently pure culture to allow of 
agglutination tests, the predpidn test may be applied as described in 
the section upon Pneumococcus Typing (p. 793). Similar methods 
have been used for identifjnng diphtheria bacilli in swabs and cultures 
and ^rphoid badlU in feces.* 

c. The Opsonms 

That phagocytosis plays an important part in the body's resistance 
to bacterial invasion has long been recogniied. According to Metch- 
nikoff, this property of leukocjdes resides entirely within themselves, 
depending upon their own vital activity. The studies of Wright and 
Douglas, upon the contrary, indicate that the leukoQ^tes are impotent 
in themselves, and can ingest bacteria only in the presence of certam 
substances which exist in the blood plasma. These substances ha\’e 
been named opsomns. They probably act by imiting with the bacteria, 
thus preparing them for ingestion by the leukocytes; but they do not 
cause death of the bacteria, not produce any appreciable morphologic 
change. They appear to be more or less speciflc, a separate opsonin 
being necessary to phagocjiosis of each species of bacteria. There 
are, moreover, opsonins for other formed elements — red blood cor- 
puscles, for example. It has been shown that the quantity of opsonins 
in the blood can be greatly increased by injection of dead bacteria. 

To measure the amount of any particular opsonin in the blood Wright 
has derised a method which involves many ingenious and delicate technical 
procedures. Much skill, sudi as is attained only after considerable training 
in kbonitOT>* technic, is requisite, and there are inany sources of error. 
It U, therefore, beyond the province of this work to recount the method 
in detail. In a general way 5t consists in: (o) Preparing a mixture of equal 
parts of the patient's blood serum, a suspension of the specific micro- 
organism, and a suspension of washed leukocytes; (i&) preparing a similar 
mixture, using serum of a normal person; (c) incubating both mixtures for 

* For diphtheria see Sirilb C H., and Kaufman. C. E.; Tie PiedpJtin Test in the 
Detection of Bacterium Dipitheriae, Jonr. lab and Qin. ifcd., 7.-6J9-622 (July), 1922. 
For typhoid see Laird, J. l4 Cono\-er, J. H, ai^ Batts, D. C A.; The Autolysate-Predpi 
tin Reaction in Typhoid Fever (a pielimioaiy Rqiort) Am- Jour. lied. Sc., /(5d.‘24t-249 
(Feb.), 1925. 

25 
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a definite length of time, and (d) making smears from each, staining, and 
e\aTOimng mth an oil immersion objective The number of bacteria which 
haie been taken up by a definite number of leukocytes is counted, and 
the average number of bacteria pet leukocyte is calculated, this gives the 
‘ phagocjlic index ” The phagocjkic index of the blood under investigation 
divided by that of the normal blood, gives the epsortjc index of the former, 
the opsonic index of the normal blood being taken as 1 Simon regarded tbe 
percentage of leukocytes which have ingested bacteria as a more accurate 
measurement of the amount of opsonins than the number of bacteria 
ingested, because the bacteria are apt to adhere and be taken in m clumps 

n REACnOITS BASED OTON IMMUNE BODIES OP THE THIRD 
ORDER 

The reactions of this group comprise the vanous applications of 
tbe Bordet Gengou phenomenon of complement fixation Ihe pnn 
aple may be applied to the diagnosis of any disease the antigen of 
which IS known and obtainable in suitable form The list mcludes 
syphilis, tuberculosis, gonorrhea, echinococcus and cysticercus dis 
ease, tnchiniasis, typhoid fever, and pneumococcus, streptococcus, 
meningococcus, and staphylococcus infections In several of these 
other and simpler methods of diagnosis are, however, available, and 
m some others the complement foiation method is not sufficiently 
reliable to be of value in clinical work The method as applied to the 
first three of the diseases above mentioned is given m the following 
pages It 13 most useful in syphilis 

The mechamsm of the complement fixation reactions will be made 
clear by a review of the processes of bacteriolysis and hemolysis, upon 
which they are based 

Bacteriolysis — In 1894 Pfeiffer, by his classical experiments with 
cholera spirilla placed in the penloneal cavities of guinea pigs which 
had recovered from cholera, definitely estabbshed the general prmciple 
that when an animal becomes actively immune to a disease, either 
experimentally or by contractmg the disease and recovering in the 
natural way, its blood serum and tissue juices thereby acquire strong 
pow ers of killing and sometimes dissolv ing bactena of tbe kind causing 
that particular disease, while they are relatively harmless to other 
kmds of bactena Such destruction of bactena is known as bacten 
oly^sis It was later shown that this power is not due to a single sub 
stance in the immune animal’s serum, but to two substances which 
act m combination neither one being capable of causing bactenolysis 
by itself One of these exists only in the blood and tissue juices of the 
immune animal and is relatively resistant to beat (thermostabile) and 
to drying The other is present in the blood serum of nearly all warm 
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blooded animals, whether immunized or not and is very unstable and 
easily destrojed outside the body» especially by heating (thermolabile) 
Ehrlich explained the origin and mode of action of these two sub 
stances by his ^ell known side-cham theory, and named them “ambo- 
ceptor” and “complement” respecti\ely To the bactenum whose 
presence has induced the immunity and against which the newly 
acquired bacteriolytic activity is Erected, the name “antigen’ is 
given According to Ehrhch the bactenolytic power really resides m 
the complement, the specific amboceptor merely serving as an inter 
mediate body or connecting link which binds the complement to a 
particular kind of bactenum, and thus enables the complement to 
act Whene%'er this union of the three bodies takes place — whether 
wjthm the bodj of an animal or in a test tube — ^bactenolysis results 
Should the appropnate amboceptor or bactenolysm be absent, com 
plemcnt, c\en if abundantly present cannot be hound to the bacteria 
and hence does not attack them If, upon the other hand the com 
plemcnt is absent, union of the amboceptor and bacterm does indeed, 
take place, but bactenolysis does not occur In such cases the bac 
tena are said to be sensitized, and subsequent addition of complement 
will quickly bnng about bacteriolysis 

'ITxe process of bacteriolysis can be followed by careful micro 
scopic study of the disintegrating bactena, but is not visible to the 
unaided eye 

Hemolysis — Many structures other than bacteria can act as 
antigens Among these are various body cells, notably red blood 
corpuscles, whose destruction is knoiyn as hemolysis The mechaimm 
is entirely analogous to that just described for bacteriolysis Injectibn 
ofjvashe^ed-blood corpuscles from another speaes of animal induces 
the formation of hemolytic amboceptor, or hemolysin which is capable 
of bmdmg complement to red corpuscles of that species and of thus 
bnngmg about their destruction 

The process of hemolysis when earned out in a test tube is easily 
followed with the unaided eye because of the hberation of hemoglobin 
imm fie cfaraagea’ corpasefes WBcn rte nnrgaift? are &cst tmxed the 
corpuscles form an opaque reddish suspension As hemolysis pro 
ceeds, their hemoglobin diffuses out throu^ the fluid whii finally 
assumes a clear, transparent red color with no visible sediment 
Should hemolysis fail to occur the intact corpuscles slowly settle to 
the bottom forming a red sediment with a clear, colorless fluid above it 

In order to avoid confusion it must be said in passing that the 
name ' hemolysis” is not hmited to the biologic process just desenbed 
nor does it, as its etymology implies, necessarily indicate actual 
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solution of the red cells In practice the term is applied to any injury 
whereby their hemoglobin Is liberated and diduses through the sur 
rounding fluid and this may be effected by a variety of agencies, such 
as hypolonialy of the fluid, certain bacterial toxins and mechanical 
damage such as results from prolonged agitation With these forms 
of hemolysis we are not concerned in serologic work, except in so far 
as human serum received for the test, especially when sent from a 
distance, or guinea pig serum obtained for use as (implement, may 
sometimes he colored red by hemoglobin derived from corpuscles 
damaged by mechanical bactenal or other agencies Serum so colored 
IS unsatisfactory for use 

Application o! the Principles of Sactenolysls and Hemolysis — 
It IS necessary to bear constantly m mind the three substances or 
bodies” whi^ are concerned m bactenolj-sis and in hemolysis and 
the part which each plays This may be outlined as follows 

BACTERlOLYnC StSTEM 

Antigen •(' Bactenol/Uc amboceptor + Compirroent ■> BactenoI)^Ii 

Govadiag (In terum of Infected person) (in serum of any 
bacterium) normal animal} 

HEMOLYTIC SYSTEM 

Antigen + Mcraolyl e amboceptor + Complement Ilemolysi* 

(red blood Gnsenimofanimaliniected (same as in bac 
corpuscles) with red corpuscles) (erolyuc system) 

important fact m the above formulae is that, while antigen 
and amboceptor differ m the two systems the i;:nmDlprnent-JS_the 
sa^ffie Whatever the source of the complement it will serve either 
for bactenolysis or for hemolysis and Utis ts the hey to the complement- 
fixation tests 

In the apphcation of these pnnaples it is possible so to adjust tbe 
test that any two members of a system being known the third may 
be determined qualitatively and (roughly) quantitatively In tbe 
clinical use of the test, however, one seeks the amboceptor, whose 
presence xn liie paVierA s ■smoii tSrValftKshes Vne diagnosrs oi the corre 
spending disease To accomplish this one mixes m a test tube appro 
pnate amounts of a culture or extract of the invading organism 
blood serum from a suspected patient and complement One of two 
thin^ will occur 

(o) If the patient suffers from the disease m question and his 
blood serum therefore contains the correspondmg amboceptor, the 
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complement will be fixed or botind to the antigen by tins specific 
amboceptor, and no complement will be left in a free state 

(6) If the patient’s serum does not aintain the specific antibody to 
serve as a connecting link, the complement will remain unbound or 
free m the fivud 

In either case there will be no visible change to show what has 
taken place, and it is necessary to add an inductor which will show 
whether the complement still remains free This is found m the two 
specific elements of the hemol> tic system — ^red blood corpuscles and 
hemolj tic amboceptor If free complement be present the hemolytic 
system is completed and the corpusdes will be hemolyzed If, upon 
the other hand, all available complement had been bound to the 
antigen bj the antibody, then hemolj'sis cannot occur 

ITL SERODIAGtrOSTIC TESTS FOR SYPHILIS 

Many serologic tests for syphilis have been de\ased since the 
onginal Wassermann test was developed This technic, known as a 
complement fixation test, in theory depends upon antibodies of the 
third order Howeser, equally valuable tests, known as prcapita 
tion, or better, as flocculation tests, do not employ complement, but 
merely an indicator of hpoidal emulsion similar to the so called 
“antigen of the Wassennann test.’ Comparative evaluation studies 
conducted by the Health Organization of the League of Nations 
demonstrated the value of certain well known American procedures 
ilore recently, a special committee appomted by the Surgeon General 
of the U S Public Health Service has demonstrated that, among 
many effectne tests that have been developed m this country, there 
are at least five that may be considered standard and are recom 
mended for use in all laboratones The Kline test is a microfloccula 
tion test that requires a small amount of scrum and antigen The 
reaction is observed with the low power objective of a microscope 
The Kahn test, now known internationalI> , is a macroflocculation test 
that requires larger quantities of reagents than does the Khne test, 
and more tune also is required for its performance However, it is 
reallj much simpler than any complement fixation test The Hinton 
test, also a flocculation test, requires a specially prepared indicator, 
and over night heating in an accurately controlled water bath Eagle 
has devised a floccvdation test which is best used in conjunction with 
his complement fixation test The Kolmer modification of the Was 
sermann test has been the standard complement fixation test m this 
country for manj jears All of these tests with their latest modi 
fications were demonstrated at a conference of laboratory workers in 
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1938, and the technic as presented ^ eich originator is herewith 
presented with the permission of each author Cholesterol is added 
to all antigens to increase sensitivity by increasing the surface on 


An+igcn Choles+crolired 

Alone Aniioen 



Tis 355 "Tb< efiect of upon the tue, Dumber and compu Uon ol the 

particles ia diluted ant gen (Eagle, The Laboratory D agnosis of SyphiH courtesy of 
C V ifosbyCo) 


which reagin may act This is graplucally represented bj a diagram 
designed by Eagle (Fig 355) 

A. Kiins tbsts' 

Matenals Required — Sira — ^These are prepared as for the comple- 
ment fixation text, care being exercised that they contain no red blood 
cells or foreign particles (They are heated at 56® C for thutj minutes ) 
In retesting sera within several days reheating is unnecessary if the speci 
mens have been kept at 8® to 12® C 

When blood is obtainable in small quantit) only it is adt isable to collect 
this in a narrow test tube (about 8 to 9 mm ) and to handle it in the same 
manner as a larger sample from the vein 

When blood is obtainable m very small quantity only it is advisable to 
collect this m a narrow glass tube with a capillary end The end is then 
sealed a narrow rod is passed through the open end to free the clot from 
the wall and after the lube is centrifuged at high speed, it is placed in a 

' KLne B S M eroscop c SLde Prrap tatiwi Tests for the D agnosis and Exclu^ on 
of Syphilis Offic si Publical on Am ^oc Cl n Lsb Tcchn voU 1 Vo 1 \o\ 1134 

Revised 193A. 
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ttaler bath at 56“ C. with \*ater abo\T the upper Jewl of the scrum. After 
healing, the tube is filed and broken just a!)Ove the clot and the serum 
allotved to run into or is drawn into a 1-c c. pipet, graduated in hundredths. 

Glasrxare — Microscope slides 2x3 inches as purchased are rubbed 
on botli sides ultb Bon Ami paste (prepared by breaking up a cake of Bon 
Ami in a small quantity of hot water). As soon as the paste is dry (in about 
fitt minutes) it is completely remo^'ed from the slide with a soft muslin 
cloth. For con\eniencc the slides covered with paste may be stuck to each 
other, allowed to dry, and cleaned at any time. 


i STEPS IN slide" test 


il' .'.'W.'::;™ j (J- 



IT,; 350 — bteps in Kline heaioi xmm >ti<le preainUtion tests for s>'philis (From Q 
S.KLne, Vicro»copic Slide Precipitation Tests for the X)»aEncisis and Exclusion of Syphilis 
\\ lUlams and WTltins Co , Publishers.) 


Upon dean slides for the heated scrum tests, 12 paraffin rmgs, each with 
an inside diameter of 14 mm , arc mounted. (Inasmuch as the slide test 
results are influenced by the surface area of the chambers it is important 
that the paraffin tings be thin ones. With a little practice the required 
amount of paraffin can be ascertained. At first, it may be difficult to make 
complete rings. These incomplete rings may be completed by appljnng the 
loop a second lime to the open areas) 

For the spinal fluid tests double ring slides are prepared as follows- 
Upon the clean slide a steel mold 3^ x 2^ x inches with two central 
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wells 1-^ inches in diameter Is placed A metal disTi 1-^ Inches in diameter 
and ^ inch thick is then placed m the center of each well The space between 
them IS filled with hot wax (2 parts ordinary vaselm and 1 part parowax) 
from a 10-c.c glass synnge After the mixture cools a few minutes, each disk 
13 elevated from the slide and separated from the wax wall by turning the 
central screw handle a few times to the tight (holdmg mold down at edge) 
After the disk is freed, it is bfted out The mold is removed by inserting a 
thm blade between it and the slide 

Piptls —The pipcts needed for delnenng sera, and spinal fluid and 
those for preparing the antigen emulsions are the ordinary finely graduated 
0 2 to 1Q< c pipets The pipet for the t per cent acetic solution is a 0 2 c c 
pipet gradual^ in 0 001 c c The pipets for delivering the antigen emulsions 
are Wnght pipets made from glass tubing 6 to 10 mm in diameter with the 
tubes about 0 S mm m outside diameter, debvermg a drop equal to about 
0 008 c c (62 drops per 0 5 c c.) 

Instrument for Making Parafin Rings — This is essentially the mstru 
ment proposed by Green • A piece of soft iron wire (No 28) is wound twice 
tightly about a test tube (about 15 mm m outside diameter) forming a 
double loop and leaving a double shaft about 1 inch in length The two shafts 
are then twisted together to witbm } inch of the free end After removing 
the looped wire from the test tube a piece of linen thread (No 12) is started 
from the free end of the shaft after being fastened here by a single twist of the 
free ends Three long turns are made reaching the loop which is then tightly 
wound with the thread The winding is continued up the shaft to the free 
end where it is fastened between the two ends of the wire by twisting them 
The loop is then bent at right angles to the shaft It is then reshaped by work 
mg the loop against the bottom of the lest tube mentioned abow The shaft 
IS then inserted into the handle of a teasuig needle or into a straight hemo- 
static forceps 

The paraffin nngs are made by dipping the instrument into smoking 
paraffin (about 120® C ) drsming quickly at one point and transferring the 
remamder to the glass slide 

Slide Uolders (For 3x2 Inch Sbdes) — ^The slide holder is a wooden 
lid of a slide box (3| x 6j x J inches) containing an easily fittmg thin wooden 
shelf havmg a small handle at eacb end. 

Salt Solutions — Sodium chloride (085 per cent) (C P or reagent, 
Merck) solution used m the tests is prepared with distilled water havmg 
a pH of about 6 (Such water gives a lilac color when 1 drop of chlorphenol 
red indicator [LaMotte] is added to025cc ofitma small chamber) 
Distilled water having a pH of 5 2 or less gives a yellow color with this 
mdicator and is not satisfactory 

One Per Cent Acetic Aad — (C P Reagent) It is advisable to use no 
less than 1 c c. of acid (delivered from a 1 or 2 c c. pipet) and accordingly 
99 c c. of distilled water 

* Green C Paraffin Rings on Kliooscope Stuies Am Jour Pub Health r5-651 
652 (July) 1925 
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Antigen ' — ^Tbe punficd antigen used jq the microscopic slide preapita 
Uon tests for s>’philis is prepared as follows 

Tao hundred Cm of dried beef heart powder (Difco) is placed m a 
2 liter Erlenmej er flask 

One liter of absolute etbjl alcohol (994- per cent) (Rossville Commeraal 
Alcohol Corp , I^wrenceviUe, Ind ) is added 

After the flask is stoppered with a cork covered T\^th tm foil, it is shaken 
vigorously by hand at intervals for two hours Belter still two wide mouth 
bottles (Difco bottles for 1 pound beef heart powder) each with ICX) Gm 
of beef heart powder and 500 c c of absolute ethyl alcohol (99+ per cent) 
are shaken vigoroudy in a madime for two hours (This short extraction 
removes much of the desired antigenic substance m the powder ) 

The extract is filtered into a liter Qrlinder through good grade filter 
paper of medium texture (Schleicher and SchuU No 597, 38 5 cm ) 

During filtration the mixture is stirred with a wooden tongue depressor 
and toward the end pressed with the cork until the powder is quite dry 
The extract (about 775 c c ) is placed in the refrigerator at 8“ to 10'’ C 
for twenty four hours 

Durmg this tune a fauly heavy white precipitate settles out This is 
filtered oil and the filtrate m a large evaporating dish is concentrated on a 
water bath at 45* to SO* C determined by a thermometer bulb within the 
extract For conwnience, the concentration of the extract may be started 
by leaving it m an air incubator at SO* C until the followmg morning, and 
then completed by placing it on the water bath During evaporation of 
the alcoholic extract an irregular festoon appears at the periphery When 
the extract reaches the proper concentration the festoon disappears and the 
margm of the concentrated extract is sharp 

In a warm room the extract is now poured quickly into 500 c c of acetone, 
C P (Coleman and Bell) atSO^C in a large evaporating dish Stir acetone 
a few times with tongue depressor to distribute the extract 

The dish is then placed m an air incubator at 37* C for fifteen minutes 
after which the acetone is decanted leaving a soft yellow brown wax ad 
herent to the side of the dish fhonger periods of preapitation and pre- 
cipitation at lower temperatures permit of precipitation of adventitious 
substances as well and such antigens give more sensitive and less specific 
results) 

jT&ff tfisft IS tiien p&cecf on a wafer baCioria anarruiccrbatoraf 
until the little acetone remaming has evaporated (about thirty minutes) 
The wax is then worked together and placed m a glass stoppered bottle 
Then 80 c c of absolute ethyl alcohol (99+ per cent) that has been kept in 
an air incubator at 50* to 56* C for one haU hour or longer, is added and 
after a few minutes’ shaking the bottle is placed in an air incubator at 
SO* C and shaken gently after fifteen mmutes and agam after thirty minutes 

1 Sundard matenals mdud ng antiem for the microscop c slide preap Ution tests 
for syphilis may be obtained from tie Lahlotte Chemical Products Company McCorni ck 
Hmlding Baltimore Md 
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Tfhen It is removed from the uicui^tor and placed in the refrigerator at 8* 
to 10® C. for forty-five minutes 

The solution is then filtered at room temperature and the filtrate is 
evaporated do\vn at 45® to 50® C resulting in a soft bronij tvax (antigen 
wax). The •wax is weighed and to each gram in a glass stoppered bottle, 
10 c c. of absolute ethyl alcohol (99-1- per cent) (at 50® to 56® C ) is added 
After the bottle is shaken for a few minutes it is placed in an air incubator 
at 50® C for thirty minutes, and then shaken a few minutes 

The slightlj turbid solution is then placed at 8® to 10® C. for about an 
hour and then filtered at room temperature Tlie resultant clear filtrate is 
the antigen, and contains about 8 75 per cent of the alcohol treated acetone- 
insoluble aax. 

Kline suggested that owing to the fact that there are adventitious water- 
soluble substances in the povsdered beef heart that may be carried through 
mto the finished antigen, it may be advisable at times to purify the antigen 
further by a n-atet puiificalion process • 

The average yield of antigen wat from i pound of beef heart powder 
18 5.5 to 4 Gm The discarded acetone soluble lipoidal residue (impurities) 
ordinarily weighs at least three times this amount 

The antigen keeps best at room temperature hermetically sealed In 
glass containers In small necked glass stoppered bottles (op>ened from time 
to time) kept at room temperature it shows no appreciable change b 
specificity or sensitivity for at least sH months. (As slated above it is 
important to follow the steps outlined in minute detail Too long a pre- 
apitatioa in acetone, preopttauon at too low a temperature and use of 
improper chemicals for instance result in xvzxts which contain some im- 
purities that determine a sensitivity greater than standard ) 

Preparation o/ Anliitn Emuhtons for DutinosUc and Exchnion Slide Tests 
of UecUd Serum 

Pormula' 

0 85 c c. of distilled water (pll about 6) 

1 c c. 1 per cent cholesterol (C P. Pfanstiehl) in absolute ethyl alcohol 

(99-1- pet cent) * 

‘ nine, B S New Standard Side Test Antism (Water Panfied), Amer Jour Clm 
Path IZ -IShSI (Jan ), 1942 

*Tbe 1 per cent cholesterol solation for the emulsion ts prepared in about forty five 
minutet by placing the cholesterol fiat.ea and ibsolute alcohol In a glass-stoppered bottle 
in an os en at 50” to 56® C and shaUng gently a few minutes at 6fteen minute InteivaK 
The soluUon kept tn the incubator at 37* C is thoroughly satisfactory for use as long as 
two months 

The sensitivity of an emulsion is greatly mPuenced by the quanUty of cholesterol 
present The sensiuvily is likewise influence by the qu^ity of the cholaterol used 
The cholesterol IPfanstieU, CP) that has been found uniformly sabs/actory In the slide 
tests is flaky, pearly and readily soIuUe to 1 per cent in absolute ethyl alcohol (99-f- per 
cent). Powdeiy, whte cholesterol incompletely soluble to 1 per cent in absolute alcohol 
C99-f- per cent) has been found to give too «msitivt results. 
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0 1 c c antigea 

2 45 c c 0 per cent sodium chlonde (C P or reagent, Merck) solution 
(^H about 6) 

The technic of preparing the emulsion according to the above formula 
js as follows Into a 1 ounce bottle the required amount of distilled water 
(/)H about 6) is pipetted 

The bottle is held at an angle and die 1 per cent cholesterol m absolute 
ethyl alcohol (994- per cent) is alJoued to run along the side of the neck 
of the bottle 

The bottle is gently rotated from the neck for twenty seconds 

It IS held at an angle agam and the proper amount of antigen is pipetted 
against the side of the neck of the bottle from a finely graduated pipet 

The bottle is promptly stoppered ivtth a cork and shaken vigorously 
(the fluid throivn from bottle to cork and back) for one minute 

Lastly, the 0 85 per cent sodium chloride solution is allowed to run m 
quite rapidly the bottle is stoppered agam and shaken less vigorously than 
previously for one minute 

The emulsion, when e^tnined vmder the microscope at a magnification 
of about 120 tunes shows numerous very fine particles but no clumps 
whatever 

For Diagnostic Test For Dxdusion Ttsi^ 

Place 1 c c or more of the emul Place 2 c c of the emulsion m a 
Sion in a narrow test tube (12 mm narrow test tube (12 mm mSide di 

inside diameter) m a water bath at ameter) m a water bath at 56* C for 

35* C (beaker or water m usual lab fifteen minutes Then pour into a 

oratory air incubator at about 37* C ) 3x1 mch tube and centrifuge for fif 
for fifteen minutes The emulsion as teen mmutes (eighth setting rheo- 

soon as heated is ready for use stat, Centrifuge Sue 1 Type SB) 

Decant the fluid and, with the tube 
inverted dry the inside of the tube 
with a cloth almost to the level of the 
sediment To the sediment add 1 5 
c c of 0 85 per cent sodium chlonde 
solution * Transfer to a narrow tube 
for use 

* Petsonal cominuojcatson from Dr Kline In addition for spedal purposes such as 
the exdu&iOD of syphil s m blood donors in cases of susp cious sore and for the control of 
adequate treatment (supplemented by clinica] studies and interpretation) the following 
control exclusion test emuls on is recomineaded 

Control Ant gen EmuUons lor Microsoop c Slide Precip talion Tesu for Syphilis 
Sm Jour Chn Path 7 4W-497 {Nov) 1937 1 Pipet into a l-ounce bottle 0 5 c c. of 
1 per cent standard cholesterol solut on 2 Pjpetting with the left hand allow 0 425 c.c. 
of distiUed water to mix drop by drop with the cholesterol solution rotating the bottle 
with Ibc Tight band during the mutDre and for ten seconds thereafter on a flat surface. 
3 Add 0 06 C.C. (not 0 05 c c.) of standard aatiges and after five to ten seconds gewify ro- 
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when It IS removed from the incubator and pbced in the refrigerator at 8* 
to 10“ C for forty five minutes 

The solution is then liltered at room temperature and the filtrate is 
evaporated dovvn at 45“ to 50" C resulting in a soft brown wax (antigen 
wax) The wax is weighed and to each gram m a glass stoppered bottle, 
10 c c of absolute ethyl alcohol (90+ per cent) (at 50® to 50“ C ) is added 
After the bottle is shaken for a few minutes it is placed in an air incubator 
at 50“ C for thirtj minutes and then shaken a few minutes 

The slightlj turbid solution is then placed at 8“ to 10“ C for about an 
hour and then filtered at room temperature The resultant clear filtrate is 
the antigen, and contains about 8 75 per cent of the alcohol treated acetone 
insoluble wax 

Klme suggested that owing to the fact that there are adventitious water 
soluble substances in the powdered beef heart that may be earned through 
into the finished antigen, it may be advisable at times to purify the antigen 
further by a water puiiGcation process * 

The average yic'd of antigen wax from i pound of beef heart powder 
IS 3 5 to 4 Gm The discarded acetone soluble hpoidal residue (impurities) 
ordinarily weighs at least three tunes this amount 

The antigen keeps best at room temperature hermetically sealed m 
glass con tamers In saull necked glass stoppered bottle (opened from time 
to time) kept at room temperature it shows no appreuable change in 
specificity or sensitivity for at least six months (As stated above it is 
important to follow the steps outlined in minute detail Too tong a pre 
cipitation m acetone, preapitation at too low a temperature and use of 
improper chemicab for mstance result m waxes wbich contain some im 
purities that determine a sensitivity greater than standard ) 

Preparation of Antigen £mulswns for Dtagnoitic and Exclutxon Slide Tests 
of Healed Serum 

Formula 

0 85 c c of distilled water (^H about 6) 

1 cc 1 pet cent cholesterol (C P Pfanstichl) m absolute ethyl alcohol 

(99+ per cent) * 

* Klme, B S New Standard Slide Test Antigen OValer Pimfied), Amer Jour Clin 
Path ;^4S-<5iaan) 1942 

*The 1 per cent cholesterol solutioa tor the emulsion js prepared m about Xorty five 
muutes by plaong the cholesterol Oakes and absolute alcohol in a glass-stoppered bottle 
m an oven at 50” to 56* C and shaking gently a few m nules at fifteen minute intervals 
The solution kept m the incubator at 37° C la thoroughly satisfactory for use as long ai 
(wo months 

The sensitivity ol an eniuUlon n greatly inQuenced by Ibe rjuanUty of cholesterol 
present The sensitivity is likewise mflueoced by the qudity of the cholesterol used 
The cholesterol (Pfanstiehl CP) that has been found uniformly saUsfaclory m the slide 
tests IS flaky, pearly and readily soluble to 1 per cent m absolute ethyl alcohol (99-f- pei 
cent) Powdery, white cbolestnol mcompletely soluble to 1 per cent in absolute alcohol 
(99-p per cent) has been found to give too sensitive results 
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?«^\T&centsod.un.chtor.de(CP orrea8en,,Me.a) soluuo., 

(sH about 6) is pipetted cholesterol m absolute 

Thebotfle is heldat au angH ^ ^ the side of the neel 

elhjl alcohoU99+ per centl IS auou 

"‘‘^rbolLisgenU.rotatcdfro.^e^^^ 

It IS held at an angle again “d A P t* ^ graduated P'P'‘ 

against the side of the ne^ ° a cork and shaken vigorously 

previously for one minute nuaoscope at a magnifiraum 

The emulsion ''h™ '"'“'"^crr.l ve^ but no clumps 

of about no times, shops numerous very 

whatever 

For Diagnostic Test 

Place 1 c c or more of 
«ion m a narrow test tube (12 ^ 
inside diameter) m a w-ater bath at 
3a* C (beaVerorwaterinusuana^ 
oratorv air meubator at about 3 ) 

for fifteen mmutes The emUsion as 
soon as heated is readj for use 


For BalMttn Tuf 

Place 2 c c of the emulsion in a 
reel tube (12 mm inSide di 
narrow test tube lu 

anieter)inawaterbaaat5b 

fifteen minutes Then^^ 

3 a 1 inch theo- 

teen minutes (eigWb t^^ 
stat Centrifuge Sire l, ryp 

Scant the fluid and, i^thAe tube 

for use 

from Dr Kluie. I** aflihuon, for wntrol of 

‘ Personal communication from D j suspiaous sore and f joUo^rmg 

the cadunon of syptubsm blood interpreUUon) the 

adequate treatment (supplement ed t>y c^ Syptilis 

control csdusion test emuls on is rrosajo c *'lide Preapitation T . q of 

Contml Ant gen 1 P.p« i"'" >, 0 «5 «. 

Am. Jour Clin Patlu, 7 4'X>-497 • p,potiing with the left the bottle 

1 per ceat standard cholesterol ^1*» cholesterol soluUon ro .jrface. 

of distilled water to mix drop by r^ seconds thereafter ^ ro- 

«ith the nght hand during the f f and alter five to ten seconds t 

3 Add 0 06 C.C. (note 05 C.C.) of standard anUgen 
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These cmulsJons, kept at room temperature, are satisfactory for use for 
forty-eight hours after preparation 

Diagnostic aiirf Escf«sio« i/tcrosco^ie Slide Precipitation Tests for Syphilis 
mih Uealtd Strum 

1 Place three heated serum test slides, each with twelve small chambers, 
on a tray m a small holder 

2 Into each of the thirty six rings, pipet 0 05 c c of the heated serum 
to be tested (eighteen sera m duplicate) 

5 After all the sera are pipetted, I drop of the diagnostic test antigen 
emulsion (about 000^ c c) is allowed to fall from a Wright pipet into one 
of the two portions of each serum Into each of the other eighteen duplicate 
sera a similar drop 0 ! exclusion test antigen emulsion is allowed to fall from 
a Wnght pipet 

4 The slides in the holder are rotated on a flat surface for four 
mmutes 

5 The results are esarntned at once through the microscope at a mag 
mfication of about 120 times (low power !6-mra objective, eyepiece 12) 
with the light cut down as for the stud> of unsary sediments and reported 
m terms of pluses according to the degree of clumping and the size of the 
dumps 

Any spilling from the chamber makes tbe reaction therein un«atisfactoiy, 
and the serum concerned should be retested 

If Sufficient serum is avaibble the CNclusion test for syphilis may be 
done witli 0 5 c c heated serum m a chamber sunilar to that employed 
lor the spmal fluid test (33 mm in diameter) and 1 drop (about 0 008 c c ) 
of emulsion made by suspending the sediment of 8 c c of exclusion test 
emulsion (centrifuged fifteen mmutes at eighth rheostat setting) mice 
of 0 85 per cent salt solution 


Ute the bottle in an upngbt position on a flat surface for five seconds 4 Allow the mu 
ture to stand for one minute and sgain itntly rotate the bottle la an upngbt posIUon on a 
Bat surface lor five seconds 5 Add I 75 c c of phystoiopc salme solution and again gendy 
rotate the bottle In on upright position on a flat surface for five seconds, fi Gently pour 
the wnulsion into a natiovi lest lube and place a» the ■wain bath at 56“ C for fifteen nun 
utes 7 Transfer gently to a 5 by I inch tube 6 Centrifuge for fi\ e mmutes at the eighth 
rheostat setting, as for the standard exclusion slide test emulsion. 9 Decant the super 
natant fluid and taheup tbeseilimentuabDul Icc of saline solution (it may require a Lttle 
rsf^wrm'JAe.Vftn. *A ‘ix'AynietX Vi/i vmtmt.K ^ Vo irW. thA^/n ttie 

optimal number of particles in tbe emulsion) Vigorous shaking and rotation in the prepa 
ration and subsequent handl ng of the cintilson must be avoided Emulsions properly 
prepared and propeily handled have been found satisfatloiy for use for at least twenty 
four hours after preparation 

• It may require a I tile erpenmentaboo with time and speed of cenlnfugitton and 
quantity of so] ne to take up tbe sediment (1 cc to 1.5 c c } to make sure that the exclu 
Sion test emulsion contains the optimal number of particles. 
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Preparation of Antigen Cmuistcnsfor Dtasnosltc and Exclusion Slide Tests 
of Spinal Fluid 

Formula 

0 85 c e distilled water (^H about 6) 

1 2a c c of 1 per cent cholesterol (Pfanstiehl C P ) in absolute ethyl 
alcohol (&9+ per cent) 

0 1 c c antigen 

2 2 cc of 085 per cent sodium chlonde (C P or reagent, Slerck) 
solution (pH about 6) 

8 8 c c of the emulsion are made by using double the quantities given 
in the formula 


For Viagttos/ic lest 
Place 4 c-c of the emulsion in a 
narrow test tube (12 mm mside di* 
ametei) m a water bath at 35* C for 
fifteen minutes Then pour into a 
3x1 loch tube Ccninfuge for fif 
teen mmutes (eighth setting rheo- 
stat, 1, S B ) Decant the fluid and, 
with the tube inverted, dry the in 
side of the tube with a clo^ almost 
to the leiel of the sediment To the 
sediment add 1 c c of 0 85 per cent 
sodium chlonde solution (pH about 
«5) 

Transfer to a narrow test tube for 
use 


For Zjccluston Test 
Phee 4 c c of the emulsion in a 
narrow test tube (12 mm inside di 
ameter) in a water bath at 50* C for 
fifteen mmutes Then pour into a 
3 X 1 inch lube Centrifuge for fif 
teen minutes (eighth setting rheo 
stat 1,SB) Decant the fluid and, 
with the tube inverted, dry the in 
side of the tube with a cloth almost 
to the level of the sediment To the 
sediment add 1 c c of 0 85 per cent 
sodium chlonde solution (pH about 
6 ) 

Transfer to a narrow test tube for 
use* 


These emulsions, kept at room temperature, are satisfactory for use for 
twenty four hours 


Diagnostic and Exclusion 3ftcroscopic Slide Precipitation Tests for Syphilis 
vnth Spinal Fluid 

Prehnnaarj' procedures mih sptnal Suids 

Spinal fluids, turbid with exudate, blood or bacteria, or containing 
Injected substances including horse scrum, are unsatisfactorj for testing * 
Spinal fluids with slight turbidity or few particles are centrifuged at high 
speed for ten mmutes, and the clear fluid is withdrawn or decanted The 

should be 8 or more 

* In making up the exclusion test cmuls <m, the centnrugatlon should be raned until 
theproper speed and length ot time for obtaining the optimal amount of sediment (number 
of particles) is established 

* A satisfactory rough estimate of the pnrtein content may be made by noting the 
turbidity when I c c of 9o per cent alcohol ts added to 0 2o cc of sp nal fluid 
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11 Slide Holder — Made of any convenient matenal to accommo 
date from one to three 2 ' x 3" slides 

12 Mounttnz the Wax Rings on theClass Slides — The Fisher Rapid 
Maher winch has a base of 12 metal circles arranged m three rows of 
four each, is a convenient instrument for mounting the rings The wax 
used IS the inexpensive Zubian Seabng Wax employed by “home 
canners ’ to seal jars of fruits and vegetables It is manufactured by 
Dicks Pontius Co , Dayton Ohio, and obtainable at most retail 
grocery stores A musture of the wax and paraffin, m the proportion 
of 50 Gm wax to 20 Gm paraffin, has been found to give the most 
satisfactory results The wxlx mixture is placed m a convenient vessel, 
such as a pyrex petri dish, and heated with a micro-burner from 105° C 
to 110° C and mixed thoroughly The rings ate made by dipping the 
instrument into the melted wax mixture and then placed on the clean 
shde for a few seconds The inslrumenl is then lifted and the process 
repealed on new slides If a deeper chamber is desired, a second and 
third layer may be applied after the wax has been allowed to sohdify 

13 Care of the Slides After Use — ^Ihe wax rings should not be 
removed from the slides after use Immediately after readmg the tests 
the slides are placed m a metal slide holder such as that used in tissue 
staining, which is kept immersed u distilled water By this procedure 
drying of sera on the slides is prevented After the completion of the 
tests, the slides are nnsed thoroughly in running tap water and finally 
rinsed in distilled water The slides are then transferred to a slide box 
and allowed to dry at room temperature under cover, or they may be 
dried by rubbing the chambers of the rings with a soft doth free from 
lint If proper care is given the slides, they may be used indefinitely 

Q. REAUBUTS 

A Preparation of the Antigen Extract — 1 20 grams of dehy 
drated beef powder (Difco), 10 grams of powdered egg yolk* and 
200 c c of ether for anesthesia are placed in a 500 c c wide mouth, 
^ass stoppered bottle The mixture is aptated in a mechanical shaker 
for 5 minutes, or by hand for 15 minutes 

2 The mixture « filtered through a fat free 24 cm paper of medium 
texture into a 500 c c flask The ether extraction is repeated four addi 
tional times using lOQ c c of ether each time A new filter paper is used 
for each filtration and all the ethereal filtrates are collected in the 500 
c c flask The combined filtrates will be used m step 6 

* Powdntd egg yolk may be putebased «\y nUablt ■nbolesale (twry supply com 
pany or from Bessire & Co Incu, Indoaspolis Zodiana 
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3 After the last extraction is completed the moist powder is 
spread on a new piece of filter paper The powder may be left at room 
temperature or placed m a 37® C incubator to allow the ether adhenng 
to the powder to evaporate 

4 The dried powder is then placed m a 500 c.c. glass-stoppered 
bottle 80 c c of ab^ilute ethyl alcohol is added and the mixture agi 
tated m a mecbamcal shaker for 4 hours, or the mixture is left at 
room temperature for 3 days, being shaken for 5 mmutes three times 
each day 

5 Ihe mixture is filtered through a fat free 24 cm paper of med 
lum texture into a 100 c c wide mouth, glass-stoppered bottle The 
powder is now discarded 

6 The combined ethereal filtrates are now placed in a large e\ap 
oratmg dish (8 5 inches in diameter) and the ether evaporated by plac 
mg the dish in a water bath at 55® C until no ether bubbles nse to the 
surface of the liquid 

7 100 c c of acetone (Merck's Reagent) wbch has prenously been 
warmed to 55® C are poured rapidly into the concentrated ether ex 
tracts The mixture is stirred thoroughly with a steel spatula and im 
mediately decanted into two 50 cc centrifuge tubes and centrifuged 
at 2000 R P M for 5 minutes Ihe acetone is poured off and dis 
carded 10 c.c of fresh acetone are added to each tube The acetone 
insoluble lipoids are stirred with a glass rod, then plaang the palm of 
the hand over the mouth of the tube it is inverted a few times The 
supernatant acetone is poured off and discarded The acetone insoluble 
lipoids are collected with a spatula and added to the alcoholic extract 
obtained m step 5 The bottle is placed in a 55® C water bath for 30 
minutes, shakmg gently at frequent intervals The extract is then al 
lowed to cool by placing the bottle m the re/ngerator for 30 minutes 

8 The extract is filtered through a fat free 12 5 cm paper of fine 
texture The antigen is then ready for titration Any preapitate appear 
mg after the extract has stood should be remo\ed by ^tration The 
antigen is kept tightly stoppered at room temperature and remams 
unchanged indefinite!} 

B Preparation of the l Per Cent Cholestennized Alcohol — A 
sufBaent quantity to meet the individual need is prepared For ex 
ample To prepare SO c c of the solution place 500 mg of cholcsterm 
C P (Pfanstjchl Ash Free) and 50 cc of absolute ethyl alcohol m a 
JOG c c glass stoppered bottle Heat m the water bath at 55® C until 
the cholestenn has completely dissoKed, agitate at frequent intcnals 
Filler the «olution through fat free paper of fine texture 

C Preparation of the Buffered Salme Solution— A suffiaent 
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quantity of this solution bavnng a pVL of 6 3 to 6 4 and a sail concen 
trationoflOgrams per liter isprcpared An example based on a 250 c c 
volume follows 


Sodium cWoRtlc C P 2 0'’5Cin 

Secondary sod u n phosphate (Va IIPO ) 12IIiO 0 425 

Pnmary potass um phosphate (KltiPOi) OOoO 

Double d st Wed water 25000 tc 

N/1 hydrochlor c ae <1 0 8 

Formaldehyde (llerck s reagent) 0J5 


The solution is filtered and the y>II checLed For practical purposes the 
colorimetric method of determination is su/Ticitntl^ accurate The 
solution IS kept in a glass stoppered pyrc't bottle and will remain 
unchanged indel mtcly If through carelessness the solution becomes 
contaminated with particles of dirt cotton fbers or other debns it is 
necessary to liUer the solution because any debris \i hich may be trans 
ferred to the suspension wU appear m the feld of Msicn dunng the 
reading of the lest and unless differentiated from speciuc ffocculatc 
may lead to false reading 

D Preparation of Serum — Tlie patient s serum is sepanted from 
the clot by ccntnfugalization and heated for 30 minutes in the ^^ater 
bath at 55* C to SO* C I or cmcrgcnc> prctransfu'^ion test the scrum 
may be heated at 00* C for 10 minutes Inspection of sera for visible 
precipitate after heating should be done as a matter of routine Occa 
sionally heated serum throws off a precipitate which if not remo^ed by 
re centnfugaliaation nn> interfere with scrolog c reactions in general 
There is not however the possibility that the frea(ilite if overlooked 
and left in the scrum will be mistaken for the true focculate of a 
positive reaction when read microscopically which does occur when 
speamens containing this pseudo precipiiite arc md macroscopically 
Another potential source of error to the mexi'crienced is the occasional 
presence of oil globules which have been transferrctl from lubneated 
sjTinges at the time the blood w-as drawn The globules grouping them 
selves m clusters of varying sizes simulate weakly and even strongly 
positive reactions Specimens containmg an excessive amount of oil 
should be reported as unsatisfactory and a ne\ -^xm] Ic requested If it 
IS necessary to retest a weakly positive reacting serum which has been 
heated and thereafter kept at room temperature or in the refrigerator 
for several hours it is ad\ isable to draw off a new portion of the serum 
from the clot In strongly positive sera re heating for 15 minutes does 
not cause sufficient destruction of reagm to make an appreaable 
change Hemolyzed sera can be tested with accuracy provided they 
are not excessively viscous after the heating period 
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m. TTHUTIOK OF THE AMTIQEN 

Titration of anj antigen is necessary because it is impossible to 
obtain extracts of uniform antigenic value Once the antigen has been 
titrated to the desired sensitivity, however, the routine technic for the 
preparation of the suspension is simple and rapidly done 

A Determination of the Optimum Lipoid-Cholesterm Ratio — 
I Set up 5 clean and dry serologic test tubes m a rack Label them I 
to 5 

2 Place 0 1 c c of the antigen extract directly into the bottom of 
each tube 

3 Add 09cc,14cc,19cc,24cc, and 2 9 c c of 1 per cent 
diolestcnniaed alcohol to each of the fi\e tubes respectively Mix 
thoroughly the contents of each tub*' Tube No 1 contains a 1 10 ratio, 
tube No 2 1 IS, tube No 3 1 20, tube No 4 1 25, and tube No 51^0 

4 Take five 30 c c bottles and label them 1 10, 1 IS, I 20, 1 25 
and 1 30 respectively 

5 Pipet 3 c c of buffered saline solution into each of the five 
bottles 

6 With alee pipet graduated to the tip measure 04 cc 
(reading from the bottom of the pipet) of the 1 10 cholestenmzed 
antigen, hold the bottle m the left hand and impart a rapid rotating 
motion to It as the antigen is being discharged directly and at once 
into the buffered sahne from the pipette held in the right hand Drai^ 
the suspension into the pipet and blow in and out tv.o or three 
times 

7 Proceed in the same manner m prepanng the 1 15, 1 20 1 25 
and UO suspensions The bottles are corked and alloned to stand at 
room temperature for 3 hours ivithout further manipulation 

B Trial of the Suspensions — 1 At the end of 3 hours suspension 
No 1 IS ^aken gentJ> from bottom to cork and back 10 times then it is 
poured into a 5 c c synnge fitted with a 2S gauge needle 

2 Select 30 sera from cases known to be free from syphilitic in 
faction 

3 Place 0 05 c c of serum from eadi of the 30 negative speamens in 
the corresponding one of the thirty chambers of three glass slides 
which ha\e been placed on a sbde holder 

4 Discharge one drop of the 1 10 suspension into each of the 30 
sera 

5 Rotate the slides wUi a arcular slightly “jerkj ” motion for 4 
minutes at 120 rotations per minute It is important that the number 
of rotations be that indicated, and that the proper motion be giien to 
the slides to insure that the antigen particles become well dispeiwl 
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throughout the area of the rings It is not necessaiy that the motion be 
of such nature as to cause the sera to "jump” the rings 

6 Examine the results under the low power (16 mm ) objective o£ 
the microscope ivithsubduedlight Record the results E\eryoneofthe 
sera should show numerous, veiy small, round or slightly elongated 
particles of hpoid cholestenn complex These particles uniformly 
dispersed throughout the field should not show the slightest dumping 

7 Place three other slides on the holder and using the same sera as 
previously used proceed to try out the 1 15 suspension Follow this 
with the 1 20, the 1 25, and finally with the UO suspension Record 
the results Usually within the range of 1 10 to 1 30 will be found one 
or more ratios in which the cholestenn is in excess of the lipoids, allow 
mg the spontaneous clumping of the partides Obviously these ratios 
cannot be employed m the test proper since false positive reactions 
will be obtained with such suspension 

C Determination of the Antigemc Quality of the Suspension — 
Having already deterrruned the lipoid cholestenn ratios which will not 
cause false positive reactions with negative sera, the nett step in the 
standardization of the antigen is the e\’aIuation of the antigenic 
properties of these suspensions For this purpose select at least 10 
partially positive sera, preferably those from Jong treated cases The 
object IS to employ sera containing as few reacting units as possible 

1 Place 0 05 c c of serum from each of the ten partially positive 
speamens into the corresponding chambers of a glass slide 

2 Discharge one drop of the I 10 suspension into each serum Ro 
tale the slide for 4 minutes at 120 rotations per minute Examine 
through the microscope Record the results 

3 Proceed to try out the rest of the suspensions which were found 

to give clear cut negative reactions with known negative sera by fol 
lowing the same procedure as for the 1 10 suspension When these 
tnals are conducted with sera containing relatively few reacting 
units It will be observed that the lower the lipoid-cholestenn ratio 
the weaker the reaction, the flocculate increasing in size as the ratio 
increases After recording all the results and having made a study of 
them, a final lipoid-cboleslenn ratio is selected which is designated as 
•Ci(t vnvt tS Tot maxm-tm tenjitiiMVy, ftie suspension 

containing the highest lipoid-cholcstenn ratio which does not cause the 
least clumping in the presence of negative sera is selected as the titer If 
a less sensitive antigen suspension w desired a louer ratio is chosen 
Naturally, a greater degree of safety is obtained by using a lower ratio 
but the sensitivity usually will be decreased 

WTien the titer of the antigen has been determined a suffiaent 
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amount of cholestennized antigen is prepared to meet the individual 
need for approximately one month For example If the ratio selected 
IS that of 1 20, then by taling 0 S c c of the antigen extract and add 
ing 9 5 cc of 1 per cent cholestennized alcohol a supply for about 
one month is obtained, since 04 cc of the cholestennized antigen, 
regardless of the ratio, is the fixed amount to use m 3 c c of buffered 
saline solution This \ olume (3 4 c c ) xviU be suffiaent for about 300 
tests The cholestennized antigen keeps unchanged for several months 
provided it is tightly stoppered If evaporation of alcohol from the 
antigen is allorred to take place, it results in the preapitation of choles 
term, making the antigen unfit for use 

It would seem that the antigenic determination could be eliminated 
and the titer be based solely on the lipoid cholestenn ratio By this 
procedure less tune and labor would be mvoK ed in the standardization 
of the antigen Howe\ er, experience baa shown that this determination 
IS \ery desirable if not essential Sometimes it can be demonstrated 
that two different ratios giN e approximately the same degree of floe 
culation with weakly positive sera, and while there is little choice 
between the tno, the logical dilution to employ is the one having the 
lower ratio, because the sensitivity is the same while the margin of 
safety (speafiaty) is inaeased Obvioiuly if the antigenic determma 
tion had not been earned out the dilution of choice as determmed by 
the lipoid cholestenn ratio titration would be the higher of the two 
U ts possibU to elwnnate aU Utrattons and h set an arhtrary mean xahich 
past experience has shown ts the overage hpotd cholestenn ratio For 
mstance, the most frequently enrountered ratios which give dear cut 
negatixe reactions with negative sera are the 1 10, 1 15, 1 20, and 
1 25 Therefore, an arbitrary selection of the dilution containing the 
1 15 or 1 20 ratios could be made provided stnet adherence to details 
of technic is observed Nevertheless if the highest sensitivity consist 
ent with safety is to be obtained it follows that both titrations are 
necessaiy In general the accuracy with «hich serologic reagents are 
standardized largely determines the quabty of the work performed in 
any laboratory irrespective of the merits of the techmc involved 

fV THE TEST PROPER 

Once the desired sensitivity has been determined the daily routine 
techmc for the preparation of the suspension is very simple and 
quickly done The reagents for the test proper consist of two solutions 
buffered saline solution and cholestcnnued antigen solution 

A Qualitative Test with Serum — 1 Pipet 3 c c of buffered 
sahne solution mto a 30 c c bottle 
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2 \\ 1 th a 1 c c pipet graduated to the tip measure 0 4 c c (read- 
ing from the bottom of the pipet) of the cholestenmzed antigen, 
hold the bottle in the left hand and impart a rapid rotating motion to 
It as the antigen is being discharged directly and at once into the 
saline solution from the pipet held m the right hand Draw the sus 
pension mlo the pipet and blow m and out two or three times The 
bottle IS corked and allow ed to stand at room temperature for 3 hours, 
at which time the suspension reaches its optimum sensitivity, or the 
bottle may be placed m the refrigerator at 6“ C to 8* C for IS minutes 
to accelerate the ripening of the antigen suspension and then it can be 
used immediately However, at this stage of ripening it will occasion 
ally fail to react with weakly positue ^rum The suspension continues 
to he usable for 24 hours after which it decreases in sensitivity, there- 
fore, dependable results require that it should be used within this 
penod of time IE the number of tests to be performed is small one half 
quantity of the reagents can be prepared 

3 At the end of 3 hours at room temperature, or 15 minutes m the 
refrigerator, the suspension is shaken gently from the bottom to cork 
and back 10 times and transferred to a 5 c c glass syringe fitted with 
a 25 gauge needle and is then ready for instant use It has been ascer 
tamed that some antigens do not disperse complete!) when added to 
the buffeted saline solution, hence it is advisable that the suspension 
be shaken gently, yet ihoroughl) , after the “npening” period m order 
to obtain a “smooth" suspension. 

4 Place one, two or three glass slides on a slide holder, depending 
on the number of speamens to be tested Pjpet 0 05 c c of each 
patient’s serum, whidi has previously been healed for 30 minutes at 
55* C to 56" C , into the corresponding chamber of the glass slide 
Discharge one drop of the ripened antigen suspension into each of the 
sera m the chambers Known negative and positive sera as controls 
on the antigen should be included 

5 Rotate the slide bolder for 4 nunutes at 120 rotations per 
minute 

6 First examine every one of the rings macroscopically to make 
certain that no serum has "jumped" the ring and contaminated an 
other Then examine the results microsoipically under the low power 
objective (16 mm ) with subdued light Inspection of the periphery 
of the rings for clumps should be made a routine practice, for occasion 
ally the focculate is very compact and has a tendency to locate in the 
outer portion of the nng Record the results as follows No clumping, 
negative, very small dumps, l-F, small clumps, 2-b, medium size 
clumps, 3-1-, large clumps, 4+ 
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An altcmatiNc method of reading may be used as foUov.'s No 
clumping negative, \ery small to small clumps, doubtful, medium to 
large clumps, positive 

It should be ob\ lous that c\erj specimen found to react positively, 
whether it be strongly positive, moderately positive or w eaUy positive, 
must be retested before being reported if mechanical errore are to be 
excluded 

In reading weakly positi\e reactions care should be taken to dif 
ferentiale red blood cells oil globules or debris — which may be con 
tamed m the serum, or m the slide or m the antigen suspension — 
from the true flocculate of a positixe reaction The reading of any 
serologic test requires judgment and experience since no accurate 
standard can be prepared Altliough no experience 15 needed to read 
strongly positive reactions, time and observation alone will lead to 
ojrrect interpretation of neaUy positive reactions 

Zone reactions arc usually due to an off balance in the antigen 
reagin ratio, although surface area and perhaps other factors play a 
role m causing these reactions There are two general types of rone 
reactions as they apply to this test in one the cause is an insufEaeat 
amount of antigen, and m the second it is due to an excess of reagui 
In the majority of cases of type I zones, the phenomenon is readily 
recognized by the appearance of irregular aggregates These dumps 
varying in size from small to large floccules are scattered in fields in 
which smaller dumps predominate The correction of this deficiency 
IS effected bv adding a second drop of antigen suspension to the serum 
and re-rotating the slide for 4 minutes If the addition of the second 
drop of antigen fails to increase raatcnally the degree of flocculation, 
then the reaction is probably a type II zone The second type of zone 
reaction is one seldom encountered, but more difficult to detect because 
of the almost complete inhibition of flocculation and, usually, there is 
also absence of irregular aggregation Zone reactions of this type are 
ccvrecled hy prepan^Jg senai Aiaitons 0 / iie senim, as i 2, ] 4 
1 8,1 16, etc , and proceedmgas for routine testing Stneezonereacltotis 
fire Jreqtiatlly fi!tstf!ler(>reied and at Imes not esen recognt'ed, it ts ruom 
wended that the addition of a second drop of antigen be wade a ronlwe 
practice uhen&ier ueakly postine reactions are obtained 

B Quantitative Test with Scrum. — ^The procedure for the quan 
titative test is exactly the same as for the routine test with the ex 
ception that each serum is tested m senal dilutions 

Set up 6 empty tubes, more if necessary, in a row in a rack Place 
0 5 c c of the heated serum m tube No 1, add 0 S c c of physiological 
saline solution, mix thoroughly, transfer 0 5 c.c to tube No 2 add 
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0 5 c c saline solution and continue the process until all the dilutions 
ha% e been made 

TIic results ma> be reported in terms of actual quantity of scrum 
tested for example 002a cc., 4+, 00125 cc , 44'. 00062 cc, 4+, 
00031 cc , 2+, 00015 cc , and 0 0007 cc , negative, or they 
maj be reported m terms of positivencss according to the highest 
dilution givuig a positive rcaaion, such as positive up to a 1 16 
dilution 

C Qualitative Test with Spinal Fluid — Spinal fluid should be 
testetl as soon as possible after it is drawn A grossly contaminated 
fluid is not dependable nath this or any other test It should not con 
tain blood m apprcaablc quantity The heating of spinal fluid is neither 
necessary nor desirable 

Rapid Test.— 1 Centnfugc the fresh fluid at 2000 R P M for 5 
minutes, pour off the clear supernatant fluid into a clean tube 

2 With a 02 cc- pipct graduated in hundredths place exactly 

0 01 c c. of 6 per cent acetic acid m one side of as many chambers of 
a glass slide as there are fluids to be tested Accurate preparation of 
the aad solution and the amount delivered to each chamber is obvi 
ous1> rcccssary for stronger concentrations or larger amounts will 
flocculate the suspension even in the absence of reagin 

3 W ith alee pipet deliver 0 1 c c of spinal fluid m the opposite 
side of the chamber from where the acid is located Mu the acid and 
fluid evenly over the surface of the chamber with a wood applicator 

4 Rotate the slide holder with a arcular motion for I minute 
Thorougli mixing of the acid and the fluid is essential 

5 Add one drop of the same antigen suspension, as is used for 
testing scrum, to each chamber containing spinal fluid 

6 Rotate the slide holder for 10 minutes at 120 rotations per 
minute Ibc results arc examined and recorded in the same manner as 
for tlie test with scrum 

Concentration Test — If a moderately positive (3+) or a strongly 
positive (4+) result Is obtained wiib the aad test, no further testing 
js neccssaiy , the weakly positive and negative reacting fluids are sub 
jeeted to the concentration lest The concentrating apparatus consists 

01 a hot air blower— the ordinaiy hair dr>er is satisfactory and m 
expensive— which fias been damp^ on a steel rod support 

Procedure 

1 Pbec about 50 cc. of aild water m a pctri dish 

2 Pipct I 5 c c of spinal fluid into the bottom of a 50 c c beaker 
(4 cm inside diameter) 

3 Set the beaker in the center ol the petri dish containing the water 
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4 Place the bloVi'Cr at a distance of 2 cm abo\ e the beaker and turn 
on the lever of the drjer to the “hot air” position 

5 E\aporatc the fluid to a \olume o{02cc toOScc This is 
accomplished m 6 to 8 minutes 

6 Proceed to test the concentrated fluid jn exactly the same man 
ner as that used in the acid test 

D Quantitative Test with Spinal Fluid — Serial dilutions as those 
prepared for the quantitati\c test with serum are made and the aad 
test only is earned out 


L &PPA1UT03 

The use of standard apparatus in the performance of the various 
procedures is essential for correct results 

1 Test iifbes for performing test (with serum and spinal fluid) are 
7 5 cm m length and I cm in inside diameter 

2 Vtals (with straight aall and flat bottom) for prepanng antigen 
suspension are cm in length and cm m inside diameter 

3 Pipels, 10 c c , graduated to 0 1 c c 

1*0 c , graduated to 0 01 c c 

0 5 c c (or 0 45 c c ) graduated to 0 15 c c 

0 5 c c , ^duated to 0 025 c c (antigen suspension 

pipet) 

0 25 cc , graduated to 00125 cc. (antigen suspension 
pipet) 

0^ c c graduated to 0 001 c c 

4 The lest tube rack is made of suitable matenal (sheet copper, 
bakelite, and so forth), it is 3 inches wide, 1I§ mches long, and 2| 
inches high, and consists of three shehes, the upper and middle ones 
containing three rovi’s of ten holes, each approximately i inch in 
diameter The center row of holes is offset J inch 

5 The standard shaking opporalns has a speed of 275 to 285 oscil 
lations per minute, with a stroke of I J mches 

6 The ivaler bath (56® C ), centrifuge and centnfuge tubes are of 
standard type 

7 Washing of Classuare — Tubes and vials are rinsed twice in tap 
water and boiled for fifteen minutes m soft water containing a mild 
soap, such as “i^ory” flakes Then they are rinsed thoroughly in 
soft water and placed in cleansing solution for about twenty four 
hours, after which they are nosed three times m soft water and twice 
m distilled water They are then mverted in wire baskets and dried 
thoroughly m an oven 
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Pipets are rinsed by forcing soft and distdled water through them 
They are placed in the cleansing solution' overnight, after which they 
are rinsed thoroughly, twice in soft water and tnice in distilled water. 
The pipets are then plared in a slanting position in a wire basket 
and dried thoroughly in an oven If the cleansing solution is not 
employed, the glassware will accumulate a layer of organic material 

The transfer of cleansing solution from one jar to another may be 
carried out by a siphon arrangement as follows: A rubber tube is 
attached to the suction arm of a water vacuum pump connected with 
a faucet The far end of the rubber tub^is lowered to the bottom 
of the jar which is to be ernplfcdrof-clean^ng solution By starting a 
stream of w’ater through the faucet, a vacuum is created within the 
rubber tubing and the cleansing solution is at once drawn up into the 
tubing By detaching this tubing from the faucet and placing it in 
another jar, the acid will continue to How into that jar. A thin, acid 
resistant rubber tubmg is employed for this purpose, this enables one 
to see readily the cleansing solution rising witbn the tube 

Some laboratories report good results by washing tubes and vials 
with “calgonite " The tubes and vjiU are washed in hot distilled 
water containing I ounce of “calgonite” per 20 liters This is followed 
by individual cleansing of each lube by a rotar>’ brush and rinsing 
twice with soft and twice with distilled water 


IL REAGENTS 

1. Standard Kahn Anhsai ' — ^Thls antigen is employed in the per- 
formance of the standard (diagnostic) tests with serum and spinal 
fluid and in the quantitative tests with serum and spinal fluid; in 
spedal instances it also is etnplo>ed in microlests The antigen is 

' Ptepafoitan of cUanttng telulion {Jichfomie ocuC). 

Concealraled lultunc aad 4&0 Cm. (252 c c ) 

Water .TOO e c 

Sodjttin didiroTiiate 60 Cm 

ProetduTe.-—{\) Mix water and HaJCttOt until dissolved (2) Add IliSOt very slowl)', 
stirnas constanUy until tbe NaiCnOr Is rcpreaplcated Great caution must be taken in 
adding tbesuITunc acid to the sodium dichramale siriutlon The solution becomes intensely 
hot and may bod over 

'Extract 25 Gm of powdered beef heart with 100 C c of anesthesia ether for ten min 
utes with shaking Filter Repeat tbe extnction three times with 75 cc of etber, use 
fresh filter paper for the last filtration Diy and weigh the residue Extract this with 95 
per cent ethyl a'cohol (5 c c for each Siam) for three day? at rtxim temperature. Filter 
and add cholesterol (Omg for each cubic centimeter} to the clear yellow alcoholic extract 
Thu antigen kept at room temperature is used to Uie test 
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Standardized to the degree of speodcity and sensitivity required for 
the standard Kahn tests * 

Standard antigen maintains the same titer for many years and 
remains umfonn m specificity and sensitivity provided the follov-mg 
precautions are taken 

(c) Only chemically dean and dry glass vessels should be used for 
stormg antigen and these should be properly stoppered, as evapora 
tion of alcohol from the antigen will not only cause a change m the 
sensitivity of the antigen, but may cause the separation of cholesterol 

(6) Antigen should be kept at room temperature, not in the ice 
box or m the incubator It should be stored m the dark, as in a cup- 
board The antigen bottle m daily use might be kept m a mailing 
container to avoid undue exposure to bght 

(c) Antigen should not come m contact with rubber or cork, be- 
cause each substance contains aloshol soluble elements which affect 
the speaficitj of the antigen Such stoppers should be covered with 
a thin hi;^ grade tin fod 

2 Serum — (o) It is essential that the serum employed m the test be 
entirely free from cells or partides of any kind, since these may give 
the impression of a preapitate in the completed test 

(6) It is important to adhere to stenie technic m obtaimng blood 
from patients The tube into which the blood is emptied should be 
chemically dean dry and stenie If the tube is agitated before a 
dot IS formed, there will be a tendency toward hemolysis After a 
dot is formed, this tendency is reduced to a mmunum 

(c) It IS well to break up the blood dot with wooden applicators 
before centrifugation The inner wall of the tube is enarded with 
the applicators so as to remove completely the adhetmg blood dot 
If the dot is contracted it may be removed before centrifugation 
The same applicator should never be used for more than one specimen 
of blood 

(d) Centrifugation at 2000 revolutions per minute for ten minutes 
IS usually ample for the separation of the serum from the dot 

(c) The dear supernatant serum is either poured off into a dean 
tube or is drawn off with a bulb capiUarj pipet designed to transfer 

‘ Tie standardization rrqu rts tirre step^ (1) TJtialion of ant gen to determine the 
minima] volame of salt solution to be added to a gt\‘eR volume of antigen (2) The deter* 
tninat on of sensitiveness of the antigen by testing its titei mth sypKil tic and nonaypS* 
flitic senna by employing a standard ant eea as a conUoL (3) The correction of «nu^ 
to *tanda]d re(]!i remenls rrhen the senjlivtness 1 $ not sinnhr to that of standard antigen 
Kahn, R. L The Kahn test, Baltimore Marylan} VVJIams and WHIdru Co^ 192S 
chap 4 pp S3-II0 
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serum. If the same pipet is used for removing serum from difFerent 
Uood specimens, it should be rinsed at least sW tiroes in each of two 
containers of fresh salt solution and completely drained before using. 

(/) The clear serum should be heated for thirty minutes in a water 
bath at a temperature of 56® C. before performing the desired test. 
The temperature of the water bath should nol be 54®, 55®, or 57® C. 
The heating period should not be less than thirty minutes. 

(g) Serums should he tested as soon as possible after being heated. 
For uniformity, it is well to begin the performance of the tests within 
two to five minutes after the serums have been removed from the 56® 
C. water bath Scrums that have been heated five to twenty-four 
hours previously should be reheated for ten minutes, when they are 
to he reexamined; if more than twenty-four hours have elapsed, they 
should be reheated for fifteen minutes. 

(A) Serums showing some hemolysis or containing chyle or bile do 
not aflect the correctness of the results of the Kahn test, but if they 
have undergone marked hemolysis or decomposition because of bac- 
terial contamination, they are not fit for serologic tests 

3. Physiolcgic Salt Solution.^^Thh solution consists of 0 9 per 
cent of sodium chloride in distilled water. The sodium chloride must 
be chemically pure and the solution must be filtered before using. 
Sterility is not essential, but if the solution is contaminated, it is not 
fit for use. It is well to prepare quantities of salt solution sufficient for 
tiTO-week periods This step will assure the use of relatively fresh salt 
solution. 

UL STUTOaKD CAnn VR0C£DCR£S 

A. Standard (Diagnostic) Test with Serum 

The standard test is a three-tube lest, each tube contaming a different 
proportion of serum and aotigen suspension. Optimal precipitation is 
obtained ^vhen the concentration of antigen and that of the antibody 
(reagin) approrimate each other. Hence, it is well to employ a relatively 
large, moderate and small quantity of antigen suspension with each serum, 
since the serum may contain a large, moderate or small amount of anti- 
body. The use of three proportions of serum to antigen suspension makes 
it possible to obtain highly sensitive piecipitaiion results with standard 
antigen which is moderately sensitive, but highly specific, antigen. 

The following outlmc gives the general plan of the standard Kahn test 
with four different ranges in precipitation; 

Tube 2 Tube 3 

Ratio of serum to antigen In suspen- 
sion . 3 1 61 12 1 

Antigen suspension, c£. QiU 0 025 00125 

Seram, C.C. 015 015 015 
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l^pes of PnopiUUoD Tteactioas 
Negatixx »n the three proportions. — — 

POi«li« 5n the three proportions +++4- ++++ 

Fosilive only mth the smaller snounts 
of antigen suspension — 4-1- 

Posithx onJy with the larger amounts 
of antigen suspension ++++ ++ 

1 PreZimincry Preparaltonsjor Ttst — ^Proper coordmatvon and sequence 
of the \’artous steps of the test, in relation to the number of specimens to 
be examined, are important for maintainmg a high level of accuracy and 
effiaenty The racks should be set up, the tubes numbered and the pipets 
read} for measuring antigen suspension and <:erum Antigen suspension is 
prepared as needed, hence, the amount prepared must conform to the 
number of tests to be made 

2 neattng of ^friim — ^The serum, which has been heated for half 
an hour at 56® C is exammed for the presence of particles If particles are 
present, the serum is cleared by recentnfugation 

3 Preparalion of Standard Anltgen Suspension —This suspension is 
prepared shortly before the serums are taken from the 56® C water bath 
AoUgen is mued with salt solution according to the required titer Thus, 
if the titer is 1 c c. antigen plus 1 2 c c. physiologic salt solution, the antigen 
IS mixed as follows (a) 1 2 cc of salt solution is measured into a chem 
ically dean and dry standard antigen suspension vial, f5) 1 c c of antigen 
15 m»sured into a similar vial, (r) the salt solution is poured into the 
antigen, and as rapidly as possible (ivithout waiting to dram the vial) 
the mixture is poured back and forth six times to msure thorough mixing, 
(<0 the antigen suspension is allowed to stand for ten minutes before using 
The suspension is not to be used after standing a total of thirty minutes 
from the time of mixing An old antigen suspension is not to be mixed with 
a nenly prepared suspension 

hlore than I c c of antigen may be m«ed with a proportionately larger 
amount of salt solution Thus, in case of an antigen of Uie titer previously 
mentioned, 2 cc of antigen maj be mixed with 24 cc of salt solution 
and 2^ c c of antigen may be mixed with 3 c c salt solution Do not use 
amounts of antigen less than 1 c c nor more than 2 5 c c. for the preparation 
of an antigen suspension 

4 Measuring Antigen Suspension — The antigen suspension is shaken 
well and 0 05 c c , 0 025 c c , and 0 0125 c c. are measured for each serum, 
delivering the suspension to the bottom of the tubes The standard rack 
capacity vs thirty tubes 0 Oo c c is measured and placed m each of the tubes 
of the first ron , 0 025 c c is pbced in each rf the tubes in the second row, 
and 0 0125 c c is placed in each of the tubes of the third row 

5 3/eosMnng Serum — The serum is added as soon as possible after the 
antigen suspension has been placed m the tubes, to avoid undue evapora 
Uon from the suspension When examining large numbers of serums, it is 
well for one worker to measure the antigen suspension and for another to 


++++ 

++4-4- 
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mejisute the serums It is necessary to limit the t^ts performed m ead) 
group to a number which will allow the addition of antigen suspension 
and serum to be completed within five minutes II ts of the utmost tmpor 
tame to use a clean dry piftt for tack serum Fifteen hundredths of a cubic 
centimeter of each serum is added to the 0 05 c c , 0 025 c c, and 0 0125 
c c oI antigen suspension, and the rack o! tubes is shaken \igorou3ly for 
ten seconds to insure thorough mixing of the mgrcdients The serum antigen 
mixtuTes are permitted to stand for three to five mimitcs at room tempera 
ture before they are shaken mechanically for three minutes (see 7) 

6 Controls — Set up for separate tests, one with a strongly positive 
serum, one with a weakly positive serum, one inth a negative serum and 
a fourth m which *alt solution (with antigen suspension) is employed 
instead of serum The antigen suspension for these controb should be 
pipetted immediately after pipetting the antigen suspension for the tests, 
and the serum for these controls, immediately after the serums for the 
tests have been pipetted 

7 ^lio^iRg-^Tlie tests and controls are then shaken m a standard 
shaking machine for three mmutes The machine oscillates 275 to 28a 
limes per mmute, wth a stroke of li mches 

S AddUion of Salt Solution— Mtet the tests ha\e been shaken, 1 cc 
of salt solution is added to each tube of the first row of the rack (containing 
0 05 c c of antigen suspension) and 04 c c of salt solution is added to the 
remainmg tubes The rack is sliaken sufliaently to mu the ingredients 

9 Tme of Reodutg Results— RfiiAts are read immediately after the 
addition of salt solution and a check reading is made fifteen mmutes later, 
the racks remaming at room temperature during this interval The final 
result IS the average of the first and second readings 

B Interpretation of Results of Standard Test 

1 Methods of Readvig Results — Optimal reading conditions m each 
laboratory should be determmed by tna] The following points will be 
found helpful (a) \Vben uUlismg dajbght for reading the tests it is well 
to haw but one source of light coming from a single window immediately 
in front of the reader It will be found satisfactory to shade the upper 
and lower portions of the window, narrowing the source of light to a sec 
lion several feet m height Light from any other windows near the reader 
should be dimmed by lowermg the wmdow shades (4) When holdmg the 
rack in front of the exposed section of the wmdow, the definitely positive 
and the negative reactions are readily difierentiated without liftmg the 
tubes from the rack (c) In case of weak reactions each tube should be 
examined individually, lifting it several mches above the level of the eye 
and tiltmg it until the fluid is spread into a thin layer The precipitate 
will then become readily visible 

Those preferring magnification tnll find the microscopic imrror helpful 
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Pbcc mirror on reading table wlh concave surface upward Hold the tube 
in slanting position 2 to 3 inches above the mirror and examine the image 
in the mirror Both dajhght and artificial light ma> be employed One 
may also utilize an ordinary hand Icnse for reading the tests A twofold 
or threefold magnification will be found satisfactory Some worVers prefer 
the use of a sht light arrangement, the source of light being an electric 
bulb enclosed m a box which is provided wnA a narrow sht 

As far as possible, workers should limit themselves to one method of 
reading The occasional use of magnification b> readers who usually do 
not resort to it will be likely to affect the uniformity of their reading scale 
It should be emphastaed ^at certain highly raagnifjing agglutinoscopes 
show particles in serum alone, and are thus unfit for use in this lest The 
magnification must be sufiictentK low to assure opalescent and clear-cut 
negative reactions, with entire freedom from visible parbcles 

2 InicrpTtlaiion oj Results — (o) Each of tlie three tubes of the test is 
read independently of the other lubes m the rack In each tube, a definite 
precipitate suspended in a clear medium is read four plus or completely 
positive Proportionately weaker reacbons arc read three, two, and one 
plus and plus nunus or doubtful, respectively 

(A) Strongly potent serums show complete or four plus precipitation 
m each of the three tubes, but owing to the different amounts of antigen 
suspension employed, the precipitates are unequal m bulk, being greater 
in the first tube and least m the last tube 

(c) Serums that are not strongly potent do not show complete pre- 
cipitation m each of the three tu^ Such serums show most marked 
precipitabon m the third tube because the small amount of antibody 
(reagm) reacts best with a small amount of antigen suspension These 
serums generally show weak precipitation m the middle tube, which con 
tains a moderate amount of anbgen suspension, and no precipitabon in 
the first tube, which contains a relatively large amount of the suspension 

(d) Another type of precipitation reacbon is met with occasionally, 
namely, one in which precipitation is marked in the first tube and weak or 
negative in the second or third tube In this instance the serum generallv 
is so markedly ndi in antibody that it requires a relative excess of anbgen 
suspension to produce ntaMmal preapitabon When a reacbon of this 
type is met with, it is necessary to set up a supplementary test m which 
the amount of anbgen suspension m relation to serum is increased beyond 
that employ ed m the standard test A supplementary test is set up in winch 
2 I and 1 I proporbons of serum to antigen suspension are used, thus 

Tube J Tube 2 

AnUjen suspension, C.C. 002 002 

Serum « 0 02 Oflt 

Shake tests three ouautes 

Salt solution, c.c • 0.3 0 3 
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These two tubes, or at least tube 2, should show definite preopvtation 
reactions if the serum is strongly positive 

As an additional check on senuns giving precipitation reactions in the 
first tube of the standard test and negative reactions in tlie remaining two 
tubes, a second supplementary test is made b> setting up a partial quan 
Ulaiive test Thus, dilute the serum U, 1 10, and 1 20 with salt solution 
and test each dilution with antigen suspension in a proportion of IS I in 
accordance with the foUowmg outline 


Antig» su<pcnsion, c c 
Diluted eerum, e c 


Tulei 

001 

015 

(U) 


TuU2 
001 
015 
(1 10) 


Tuht 3 
001 
015 
( 120 ) 


Salt solution, cc 


Sbalie tests three minutes 
OS 


0 ^ 


If one or more tubes should show a definite precipitation reaction the 
serum can be considered positive 

If these supplementary examuialions do not show positive reactions, 
then the three*tube test which shows marked precipitation m the first tube 
and negative preapitation m the remauiing two lubes must be considered 
a weak or doubtful reaction 

Rarely, one finds that the three tube tests show a borderline precipitate 
in each of the three tubes such as *,*,*, +, +, 4 -, ©r perhaps ++, 
++, ++ After ascertaining that these borderline reatiions are not due 
to a serum precipitate, the two supplementary tests which have been 
described are carried out If these two tms show definite precipitation, 
the results are reported as positive If the results of supplementary tests 
are also borderline or questionable, the chances are that one is dealing with 
nonspeafic preapitation owing to conditions other than syphilis 

3 Recording Results —A permanent record must be made of finding 
m all tubes of each test at the lime of reading All tests should be read 
independently by two workers When two workers are not available, 
the origmal reading should be checked by the same worker after an interval 
of fifteen minutes 

4 Reporting Resulis to rhysmutts — ^The final results are reported to 
physicians as cither posiUve, doubfjttl, or negatiTC In view of the fact that 
Kahn reactions are read on a plus-sign basis it is recommended that 

A total 0 ! six pluses to twelve pluses m the three tubes be reported 
as positive 

A total of two and one half pluses to fiim and one half pluses inclusive be 
reported as doubtful 

A total of two pluses or less be reported as negative 

The following tables lUustiate the method of reporting the itsulls, 
based on the reactions m the individual tubes (A * reaction is considered 
as one half in totaling ) 
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TABIX A 


Ttpes or RzAcnovs htTzinersn as Positivs (Soc Ptp^ to Twelvb PtosEs) 



TaheJ 

Tube 2 

Tubes 

1 

++++ 

++++ 

++++ 

2 

+++ 

++++ 

++++ 

3 

++ 

++++ 

++++ 

4 

+ 

++++ 

++++ 

S 

•to 

++++ 

++++ 

6. 

— 

++++ 

++++ 

7 

— 

+++ 

++++ 

8 

— 

+ 4 - 

++++ 

9 

++++ 

++++ 

+++ 

10 

++++ 

++++ 

++ 

n 

++++ 

++++ 

+ 

12 

++++ 

++++ 


13 

++++ 

TABLE B 

++++ 


Twrs or IteAonovs lyraaritcTEo as Posmvn Provroen SrrruuiMTASy Exawna 
TTOvs 1 A'to 2 (Su Tzxt) Axe Posmvr 


TaieJ 

Tube 2 

TubfS 

I 

++++ 

++ 

— 

2 

++++ 

+ 

— 

3 

++++ 

— 

— 

4 

++ 

++ 

+ 

5 

+ 

+ 

+ 

6 

TABLE C 



Trrzs or ReAcnos Rzrosrzo as Doonrroi 

, (2J TO Si 

PtOSES) 


Ttib0l 

Tube 2 

Tubes 

1 

* 

++ 

+++ 

1 

— 

+ 

++ 

3 

TABLE D 


++ 

Types or Reachons Kepoxted as Necahye 

: (2 Ptuszs 

OE Less) 


r«^/ 

Tube 2 

r«ie3 

1 

— 

+ 

+ 

2 

i— 

* 

+ 

3 


•to 

•to 

4 

— 

— 

=to 

S 

— 

— 

— 


5 Repeated Examinations — the slightest doubt exists as to the cor 
rectness of results owing to some error in technic, the specimen should be 
reexamined, and if no serum is available, another specimen should be 
requested 
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6 Gcucral Conudcralton vntk Regard to Reading — Some workers occa 
sionally become so “'cnsilized ’ in reading results that the> begin to see 
precipitates m tubes in which no preapitates CTist Readers of tests should 
become thoroughl> familiar aith the general appearance not only of negative 
serum antigen suspension mixtures but of negative scrum alone Under 
conditions of sufficient magnfficatioa these will begin to show evidence of 
tlie presence of very fine particles generally shown bj colloidal solutions 
The expert reader should be in a position to distinguish at once a specific 
precipitate from dust particles and from fibers or particles that arc due to 
magnification 


STAKDARD (DIACnOSTtC) TEST WITH SPUTAI. tlVtV 

In this test, the globulins of the spinal fluid are precipitated b> 
means of ammonium sulfate and arc rcdissolvcd m an amount of 
physiologic salt solution equivalent to one tenth of the onginal volume 
of spinal fluid The concentrated globulin solution thus obtained is 
then tested mth standard antigen suspension 

1 Preparation oj Coneentrated CJobuhn Solution Reagentj —The matcrul 
and reagents needed for the preparation of concentrated globulin solution 
arc (1) spinal fluid, (2) physiologic salt solution, and (3) a saturated solu 
tion of ammonium sulfate of the highest purity 

Proetdiire—(a) Spinal fluid is centrifuged to reader it free from cells 
and foreign particles 

(i) One and five tenths cc of the dear fluid is added to a standard 
kabn test tube (7 5 by 1 cm ) 

(c) To the same lube is added cc of a saturated solution of am 
monium sulfate 

(d) The fluids are mixed by covering the mouth of the tube with the 
thumb (protected with rubber), and shaking tube back and forth vigor 
ously The mixture is placed m a 56" C water baUi for fifteen minutes to 
hasten the precipitation of the globulins 

(e) The muture is centrifuged at high speed for fifteen minutes to throw 
down the precipitated globulins completely 

(f) The supernatant fluid is removed as completely as possible with a 
finely drawn capillary pipet An optional method for removing the super 
natant fluid is to pour off the fluid and invert the tube in a standard rack 
over clean filter paper, allowing the moisture that adheres to the tube to 
dram and be absorbed by the paper for a period of ten minutes 

(g) After thorough drainmg, 0 15 cc of salt solution is added to the 
precipitate which is redissoivcd readily by gentle shaking In adding this 
salt solution, the point of the pipet fs held close to the bottom of the tube 
to avoid washing down the ammonium sulfate adhering to tlie inner wall 

(/i) This globulin solution is now ready to be tested with antigen suspen 
Sion 
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2 Preparation of AiiUgen Suspension — Salt solution is mixed with 
antigen m the same manner as for the standard test with serum, according 
to the antigen titer required for ^inal fluid The antigen suspension is 
allowed to stand ten mmutes and must be used in the test within the next 
twenty minutes 

3 Measuring Antigen Suspension — Uith a 0 2-cc pipet graduated 
to 0 001 c c , 0 01 c c. of antigen su^nsion is placed in the bottom of a 
standard Kalm test tube 

4 Measuring Concentrated GlohuUn Seduhon — With a 0 2-c c pipet 
0 15 c c of concentrated globufan solution is placed m the tube contammg 
the antigen suspension Tests are shaken vigorously for ten seconds to mix 
ingredients 

5 Controls — ^Positive and negative spmal fluid controls are included 
each concentrated globulin solution also is observed to estabhsh that it is 
free from forei^ particles 

6 Shaking — After mixing the concentrated fluid with antigen sus 
pension, the test is shaken at the standard speed for four mmutes 

7 Addition of Salt Solution — Normal salt solution (05 cc.) is added 
to the tube 

8 Jieoditig Results ~Fouf plus, three plus, and two plus reactions are 
repotted as positive, one plus reactions are reported as doubtful and plus- 
minus and negative reactions are reported as negative 

9 Check Examinations ^Ezch test on spmal fluid should be performed 
m duplicate Hence, the amount of spinal fluid required for a test is a httJe 
more than 3 c c 

tv SPECUL KAHH VaOCEDURES 

A Presumptive Test with Serum 

The presumptive test is an auxiliary method to the standard 
Kahn test The mam difference between the two methods is that the 
presumptive test is more sensitive than the standard test This in 
aeased sensitiveness is due to the fact that, in the presumptive 
test, sensitized antigen is emplo>ed, which is more sensitive than 
standard antigen The test was named “presumptive’ because it 
may give false positives, hence, when it is emplojed for diagnosis the 
Psscticns be csssi'dsKd es peesaaspite^ es The 

presumptive test is of value (n) as a technical check on the standard 
test, (6) m cases of syphilis m which a highly sensitive method is 
desired after treatment has been emplojed, (c) as an additional cn 
tenon m establishing the absence of syphilis 

Sensilued Kahn Antigen — ^This antigen is employed not onlj m 
the performance of the presumptive tests mth serum and spinal fluid 
but also in special instances, m the quantitativ e tests with «erum and 
spmal fluid Statement (b) on page 691, relative to standard antigen 
applies also to sensitized antigen 
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The following outline descaibcs the performance of the presmnptiv e 
test with serum 

1 PrepaTahon oj Antigen Suspension — (a) Pipet 1 cc o! sensitized 
antigen into an antigen suspensic® vial (fr) Pipct an amount of physiologic 
salt solution, indicated by the titer at the antigen, into a similar vial 
(c) Pour the salt solution into the antigen vial and, as rapidly as possible, 
pour the mixture back and forth approwmately sw times (d) Allow the 
antigen suspension to stand ten minutes at room temperature before 
using Set up control tests as outlmed under “Standard test with Berum” 
paragraph 6, page 694 

2 Measunng Anitgen Suspension — ^Measure 0 025 cc of the thor 
ougbly mixed antigen suspension mto a standard tube (7 5 cm m length, 
I cm in diameter) with a pipet graduated to 0 025 c c amounts, delivenng 
the suspension to the bottom of the tube 

3 i/eastinng Serum — AddOlScc of serum after it has been heated 
for thirty minutes at 56° C , and mix the scrum with the antigen suspension 
by sliakmg the rack vigorously by hand for about ten seconds 

4 SAskrirg— Shake rack in the usual manner for three minutes m a 
shaking apparatus 

5 Adding Salt Solulton —Add 0 S c c of physiologic salt solution to the 
tube and examine for presence of a precipitate 

6 InkTpTtlation oj Completeprecipitaiion ++++ or+++ 
is interpreted as positive a moderate preopitation reaction such as ++, 
IS interpreted as doubtful, whde very weak reactions, such as +, «*», are 
classed with the negative reactions 

7 Serum Coutrot — Eaanune each scrum for foreign particles which 
might give the appearance of a speafic preapiiate Particularly in the 
case of each positive reaction, it is essential to determine that the serum 
u«ed in the test is free from foreign particles In using the presumptive 
test as a check on the standard Kahn test the same serum control is, of 
course, sufficient for botli methods 


B Presumptive Test with Spmal Fluid 

The presumptive test with spinal fluid is earned out exactly as 
the standard test, except that sensitized antigen is employed mstead 
o! standard antigen With sensitized antigen, the spmal fluid test is 
more sensitive than with standard antigen and is believed to possess 
a tcialively high degree of specificity 

In many labotatones, a spmal fluid test with sensitized antigen is 
employ ed routinely as a check on the spinal fluid test with standard 
antigen, although reports to physicians are based on the results given 
by the standard test 



SEKODUtJNOSTIC TESTS TOR SYPHILIS 


701 


C. Quaabtatire Test with Serum 

The standard test is essentially quabtative in nature When the 
reaction is positive no indication is obtained as to the relative potency 
of the serum Two serums giving positive reactions may vary greatly 
m their poteniy The extent of this vanation may be readdy deter 
nuned by means of the quantitative test with serum The test con 
sists of two steps Positive serums are first diluted, m senes, with salt 
solution Each dilution of serum is then tested with standard antigen 
suspension The highest dilution giving a positive precipitation reac 
tion IS the end pomt desired 

Some worhers prefer the use of standard antigen in the quantitative 
test, othere prefer the use of sensitiaed antigen It is important to be 
consistent and to limit oneself to the use of either one or the other m 
reporting the results of the test to physicians Sensitized antigen will 
give different quantitative results than will a standard antigen, hence, 
these antigens should not be confused id routine quantitative exam 
loatioDs 

1 DtiuUan of Postltvo Sm<m mth Salt SoUUton—A. senes of dilutions 
of serum with physiologic salt solution 13 prepared so that the ratio of 
the volume of diluted serum to the volume of serum before dilution ranges 
from 5 (1 part serum 4 parts salt solution) to 60 (1 part serum 59 parts 
salt solution) The following scheme is employed 

Diluuoa SQttUoa 
flufflbcr nno 

(1) 1 OJ cc. of undiluted eenim. 

(2} 5 ■> 0 2 cx. of undiluted eenim plus 0^ cc at salt solutioo 

(3) 10 0 7 cc. at (2) plus 0 7 cc of salt soIuUoo. 

(4) 20 » 02 cc of (3)plus 02 cc of salt solution. 

(5) 30 •> 02 cc.of (3) ptas04ccof salt solution 

(6) 40 0 1 cc of (3) plus OJ cc of salt solution 

(7) £0*01 cc of (3) plus 0 4 cx. of salt solution. 

(8) 60 « 0 i cc of (3) plus 0.5 cc of salt solution 

2 Perjortnance of Test — The dilubons of serum being available^ the 
antigen suspension is prepared in the usual manner After it has stood for 
ten minutes 0 01 c.c is placed m each of eight standard test tubes the 
suspension is deposited at the bottom of the tubes with a pipet With 
an appropriate pipet, 0 15 c.c of the seven dilutions of serum are added in 
order, b^innujg with the highest dilution (8), to the tubes containing the 
suspension of antigen The racks are shakes for three minutes in the usual 
manner, 04 c c. of salt solution is added to each tube and the results are 
read 

3 Delermtnaiton of Kahn Units — A definite preapitate (++++, 
+-{-+ or 4* +) IS recorded as fosxtite, while a very weak reaction is con 
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sidered negative If a scrum giN'CS a ++++, +++ or ++ reaction only 
vn an undiluted stale and is negative in the dilution series, it is considered 
as containing Kahn units as indicated by the plus signs (4 units, 3 units or 
2 units respectuely) The potency of any serum vihich is positive on 
dilution IS determmed according to the formula S = 4 D, where S is the 
serum potency in terms of Kahn units and D is the highest dilution ratio 
gmng a positive (H — hd — I*, H — 1*+ or ++) reaction Thus, if a dilution 
of 1 5 IS positive and a dilution of i 10 or higher is negative, the serum 
contains 5 times 4 or 20 Kahn units If a dilution of 1 10 is positive and 
a dilution of 1 20 or higher is negative, the serum contains 40 units 

4 Reporting Results — Serums showing four or more units are reported 
“positive, 4 Kahn uniis ' or ' positive, 40 Kahn units,” as the case may be 

5 ilifiWy PoUnt Serums — If a serum gives a positive precipitation 
reaction with a dilution ratio of 60, stilt higher dilutions of serum are 
examined with antigen suspension until a positive reaction is no longer 
obtained Ifigher dilutions are readily prepared by resorting to tube 3 
in the dilution senes (1 10 dilution) of which an excess js prepared 

D Quantitative Test with Spinal Fluid 

This method consists m first establishing that a given spinal fluid 
IS positive by the standard technic and then determining the potenQ^ 
of the spinal fluid by serial dilutions of the spinal Quid globulin with 
salt solutions, as m the case of the quantitative test with serum 
Details of these dilutions and the interpretation of the results arc 
given 10 the “Kahn Test— A Practical Guide ” The tests are shaken 
for four nunutes, 0 5 c c of salt solution is added and results are read 


£. Microtests and Other Procedures 

If there is insufficient scrum for the regular three tube test, the 
examination and report are made as follows 

1 If 0 21 C.C of serum is available, a three-tube test is performed 
employing smaller quantities of serum and antigen suspension than m the 
standard test, but mamtammg tbe same 3 I, 6 f, and 12 1 proportions of 
serum antigen suspension Thus 001 cc of standard antigen is measured 
into each of three tubes, and 0 03 cc, 006 cc , and 0 12 cc of serum are 
added, respectively, after which the steps of the diagnosbc test are fol 
lowed, except that only 2 to 3 drops of s^t solution are added to the com 
picted test before the reading is made 

2 If less than 0 21 c c. of serum is available, a one tube test (micro 
test) b made by employing ten parts of serum to one part of antigen sus 
pension Thus, if 0 1 c c of serum, ts available It b employed with 0 01 c.c 



SERODIAGNOSXrC TESK EOR SYPHTLIS 


703 


of antigen suspension If 0 05 c c of serum is available, it is emplojed with 
0005 cc of antigen suspension These reactions are reported as micro 
tests 

3 Dependable serologic results may be obtained inth fluid from chancres 
and other s>’philiUc lesions After deansing the area isnth phjsiologic salt 
solution, and under moderate pressure, fluid from chancres or other lesions 
is collected by means of a fine capi)]ar> pipet The material is deposited at the 
bottom of a small agglutination tube and centrifuged to throw down cellular 
material The clear supernatant fluid is nuaced inth standard antigen suspen 
Sion m the proportion of 10 1 If 003 cc of fluid is available, it is mixed 
with 0 003 c c of antigen suspension The tests are shaken for three minutes 
and 2 drops of salt solution are added before readuig the results A definite 
preapitate is read as poaltve^ while freedom from a precipitate is read as 
negalm If it is desired to make a Kahn test with aqueous humor it is neces 
sary to employ the same techmc as for the spinal fluid test The aqueous hu 
mor IS treated with an equal amount of saturated solution of ammonium 
sulfate and a test is made with the globulm concentrate 

p Hiutok Test (THim> Moduicatior^) 

This test requires precision m execution, because consistently 
accurate results cannot be obtained jf minor variations in technic are 
allowed 

Equipment — 1 Test tube racks To simplify numbering and 
pipetting serums, these racks should be constructed to hold ten or 
twenty tubes in a row 

2 Serum tubes 100 mm long, with an approxunately uniform 
inside diameter of 10 mm 

3 A water bath for inactivating serums 

4 A Wassermann bath or a bactenologic warm air incubator 
The former is preferred, because by its use the test is somewhat more 
sensitise The water m the bath should be changed frequently to 
prevent a deposit from sticking to tbe outside of the tubes 

5 A centrifuge with a speed of more than 2000 revolutions per 
mmute 

6 A maxunal and tmnimal thermometer 

7 Graduated lOO- and 250-c c cylmders to measure the reagents 

8 Droppmg pipets with rubber bulbs of about 5 c c capaaly, for 
drawing off serums 

9 Serologic pipets of 1 cc capaaty, graduated in 0 1 c c to the 
tip, to measure serums, and 5 or 10 c c serologic pipets to measure 
reagents 

* Hicton W A Hiatos Teal for Sy pMK Third Modjficatjon jeur Lab. and Cbn 
Med., if 19S-205 (Nov ) 1932 
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cular compartments, each of Tthlch holds 3 to 5 c c in flasks with a 
capacity of 12S oc 250 c c 

PUPASATIOR' or STOCK sotUTions 

Slock Indicator — ^Extract dried, ground, beef heart muscle (Bacto- 
Beef Heart, Dehydrated, DUco laboratories) by putting 100 Gm * 
of the powder and 400 c c of ether (anesthesia) in a wide mouthed, 
glass-stoppered bottle and shaking thoroughly by hand for ten minutes 
Allow the bottle to stand five to ten minutes so that the solid material 
may settle out Then pour as much of the ether as possible through 
filter paper into an Etlenmeyer flask, without pouring out any large 
quantity of the solid material. Scrape the solid material from the 
^er paper inXo the bottie lot luriiicr eittractions. Do not a’liow tne 
main portion of extracted tissue to diy between extractions Discard 
the filtrate in the Erlenmeyer flask Make five separate extractions 
in all, using 400 c c. of fresh ether and a new filter paper for each 
Alter the final extraction, lei the tissue dry on the filter paper. Obtain 
^ Tbe txlr&cUra of Uigw or imtUer smotUkU of tbo pcnrder In one opention bu ep- 
peand to Isfexloi reagent 
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the net v-eight of this dned residue of ether insoluble constituents 
Place this dried residue m a glass stoppered bottle with 95 per cent 
ethyl alcohol, using 5 c c of alcohol to each gram of residue Extract 
for three days at room temperature (17"* to 20" C), shaking the am 
tents of the bottle vigorously by hand for fis e minutes three times each 
day Remo\e the tissue by filtering into a graduated cylinder, mcas 
ure the akohohe extract, and transfer to a glass-stoppered bottle 
Add cholesterol (using 0 4 Gm to each 100 c c ), and v-arm at 37° C 
m an incubator or rsater bath, occasionally shaking, until the choles- 
terol has dissolved A solution thus prepared is called ‘ stock indi 
cator” (antigen) 

Warmng is given that the best results can be assured only if a stock 
indicator as prepared according to the giien directions has proied 
to be accurate in comparative tests with an indicator that is wholly 
satisfactory, as determined by both clinical and serologic means 
hlalcnals designated for this test by the Difco Laboratones of Detroit, 
Michigan, ha've met this cntical requirement 

"nie stock indicator should not be stored in a refrigerator, for chilling 
will precipitate the cholesterol if, bj inadvertent chilling, the cholesterol 
should precipitate, it must be ledissolved (by healing m a water bath at 
37° C ) Sto^ indicator kept m colorless, gla&s-sloppered bottles at room 
tensperalure for more than tro >eats has given as good results as that 
freshly prepared 

Ftve Per Cent Sail Sclulim — ^Prepare a S per cent solution of 
sodium chloride (C P ) in stenle distilled water, and add 1 Gm of 
sahQrhc acid (C P ) to each 4500 c c. 

The sahc>hc acid helps to preserve the potency of glj'cennaled indicator 
(which will be described later) 

Fifty Per Cent Solution of Glycerol — Prepare by mixing equal 
volumes of Baker and Adamson’s Glycenn (reagent)* and stcnic 
distilled water 

The 5 per cent salt solution and the 50 per cent glj cerol solution keep 
indefimtelj 

Preparation of Glycervtated Indicator — Directions for mixing this 
should be followed stncllj Thirty cc is the smallest, and 150 c.c 
IS the largest, amount that can be salisfaclonlj prepared at one 
time If larger quantities are required, two or more bitches should 

* Thu U KQ cfpeeuJ!)’ port rrdjiUI]<d cl > r effa 
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be pooled // kept tn a rejrtgerator at a temperature of about C , ti 
mil Ttmam ununpatred tn strength one tnonlk and sontehmes longer 
This stabibty of the glycennated indicator is extremely advantageous 
for emergency \\ork and for small laboratories 

Prepare the Glycennated Indtcator as Follows Pipet 1 part of 
the cholestennized heart extract into one compartment of the Etlen 
meyer flask (with the erted V shaped ridge), and 0 8 part of the 
5 per cent salt solution into the other 

Use great care, when pipetting the salt solution into the flask, to 
avoid admixture of the tuo solutions A 125 cc flask is suitable for 
the preparation of 30 to 60 c c of ^yeennated indicator, and a 250*c c 
flask for preparation of 90 to 150 c c 

Mlx by shaking the flask very rapidly from side to side for one 
minute Let the merture stand exactly five minutes Without further 
delay add 13 2 parts of the 5 per cent salt solution and shake thor 
ougUy Finallj add 15 parts of the 50 per cent glycerol solution and 
shake until the suspension is homogeneous 

PERFOaStmO TUB TESTS 

1 Centrifuge the blood if nccessaiy, to aid in separating the 
serum from its clot, with a long dropping pipet remove the serum (free 
from blood cells) and deliver into an appropriately labelled serum tube 

To a\oid contamination of one serum by another, after each 
serum has been drawn off, thoroughly nnse the dropping pipet at least 
three times wth sterilized physiologic salt solution To minimize 
bacterial contamination after every twenty serums have been drawn 
off empty the washing bottle (about 200 cc copaaty) and fill it 
nith fresh salt solution 

2 Heat the serums in the inactivating bath at 55* C for thirt} 
minutes Be sure that the level of the water is above the level of every 
serum and tliat the temperature is kept at 55* or 56“ C throughout 
inactivation Errors may result if this vanes even 1* or 2* C Serums 
should be mactivated on the day of testing If it is necessary to retest 
a specimen use serum freshly separated from the dot 

3 Select all serums that show (a) hemolysis manifested by redness 
greater than is produced when 0 1 c c of blood is dissolved in 3 c c 
of distilled water (fc) baclenal contamination shown by cloudiness 
or (c) marked opacity from other causes Place m a separate rack 
and test as soon as possible according to the rapid method (p 709) 
This will avoid further deterioration, which by decreasing the sen 
situ eness of the test and increasing the capaaty of the medium makes 
the test difBcult to read 
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4 Set up the racks with one properly numbered serum tube for 
each remaining speamen Tubes should be clear and clean ‘ 

5 With alee pipet, measure 0 5 c c of each heated (mactiv 
ated) serum into the tube that has been labelled for it (Use a separate 
pipet for each serum ) 

For routine purposes one tube is sufficient for each test If, however, 
the result of this test is negative and there is reason to suspect syphilis 
It IS desirable to retest the specimen b> usmg 0 1 c c in one tube and 0 5 c c 
m the other We ha\e found that m approximately 1 of every 200 cases of 
syphilis the second tube, contauung the 0 1 c c of serum, gives a positive 
reaction, while the first, which contains the 0 5 c c of serum, gives a nega 
live reaction 

If less than ten tests are to be made at one time, use positive and negative 
controls 

6 Compare the appearance of each pipetted serum with that in 
the lube from which it was taken This is to make sure that there has 
been no error m pipetting or m labeUmg the tubes 

7 Not more than thirty mmutes before incubation, add 0 5 c c 
of glycennated indicator to each serum with a clean, 10 cc pipet 

S Pipet 0 5 c c of the same indicator and 0 5 c c of the 5 per 
cent salt solution into an empty serum tube This serves as a control, 
the use of which will be indicated later (p 70S) 

9 Incline the tack to an angle of about 45 degrees and then shake 
by thrusting it quickly upward and forward, then downward and 
backward with suffiaent speed to cause the fluid to travel halfway up 
the tubes and make small bubbles At least three minutes of shaking 
are required for accurate results If there are enough tests, a shaking 
machine is desirable 

to Place the rack m the Wassermann bath or incubator at 37" 
C and let it remain for sixteen hours (conveniently from 5 p u to 
9 a ii), or in the warm air incubator for eighteen hours Longer 
incubation makes the tests mcreasiogly hard to read Do not agitate 
the tubes before reading 

When the racks containing the tubes are removed from the bath 
or meubator, record the readings shown by the bath or incubator 
tbermometer as well as those of the maximal and minimal ther 

‘To clean tfie tubes nnse them tbOTOi^bly as soon after use as possible with tap 
water and then £H each tube w)lb a nann «olnUoti of 5 Cm of sodjum hydroxide In lOOO 
cc of tap n-aier allotr them to stay u> this eoluUoR for about Itro hours and iraih thor 
ougMy wuh hot water to remove the alkali Th s process usually rerooi-es (without the 
aid of a lest tube brush) any deposit whieb may have remained from previous use. 
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mometer The temperature should not fall below 34“ C nor nse 
abo\e 39* C 

Reading the Tests — ^The tests should be read within an hour 
after the incubation has ended To read them, sit in front of a window, 
but do not face the sunli^t (The light must be good, and for this 
reason suitable artificial light must be provided on dark days or at 
mght ) In order to determine whethet or not clearing of the fluid 
has occurred and a ring or band of white flakes or white coarse granules 
IS present at the meniscus, lift each tube carefully from the rack, bold 
it at the level of the eye, tilt it at an angle of about 45 degrees and 
view it m the direction of a darkened background on either side of a 
window or of a suitably placed light While still viewing it at the same 
angle, slowly toll the tube between the fingers, this will make a faint 
nng visible rmally, gently shake the tube and look for flocculation, 
which IS evidenced by agglutination masses or by faint granularity 

The reactions are read and reported as positive (without indicating 
the mtcnsity of the reaction), negative, doubtful, and unsatisfactory 

Such reports do not confuse physicians by implying that the mtensity 
of the reaction is related to the ^ical condition of the patient ‘ 

Posxtae Teifi {Recorded +) —At or a little above the level of the 
meniscus there is a nng or band approximately 0 2 to 1 5 mm wide, 
of white coarse granules or flakes of lipoids slightly to moderately, 
but not strongly, adherent to the wall of the tube » By gently shaking 
the tube the ring or band is loosened and the particles scattered so 
that they are visible vs agglutinated masses m a dear fluid, or as 
someuhat coarse granules in a cloudy field 

Negative Tests {Recorded — ) — Usually there is at most only slight 
deanng, but no nng, band or floccules However, with some indi 
cators, the negative reactions may show a "scummy’ nongranular 
deposit of lipoids on the wall of the tube, extending from the memscus 
downward for from 1 to 3 mm 

Doubtful Tests {Recorded =fc) — Centrifuge from ten minutes at 
high speed (about 2000 revolutions a minute) (1) those tubes which 
on gentle shaking showed only slight granularity beyond that ob 
served in the control tuIie lcontaimngl)3 cc of indicator andU5 c c 
of the 5 per cent salt solution) and (2) those tubes which showed 
only a slightly flaky or slightly granular ring If as a result of the 

'Hinton W A Syplulis Mil Its Treatmeot New York, The MaemHaa Company, 
1936 p 23 

• llemolyzed serums that are also E»cienallycootasunated frequently produce a whit 
Ish nn{ >rbi^ u sUongly adhensi to the tube. 
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called “Wassermann tubes '* The coUectioa tubes are made of glass 
tubing and arc 80 mm long by 2 5 to 3 mm m mside diameter Over 
each end fits a flexible rubber cap such as is used to stopper small 
bottles of vacane or serum The capaaty of this tube is about 0 3 c c • 

Laboratory Procedure — ^Number the Wassermann tubes contaimng 
the specimens and place them m a suitable rack Take each spea 
men m its collection tube from the rack, remove the rubber cap 
from one end, and loosen the dot from the wall of the tube with the 
stylet of an 18 gauge needle or ivilh some other stiff wre Replace 
the rubber cap on the collection tube and return it to the numbered 
Wassermann tube, centrifuge at high speed for ten minutes Lx 
amine each specimen so handled to see if the scrum is dear and •well 
separated from its dot, if the serum is not dear, rccentnfuge for 
another ten minutes, and if this still does not dear it, the specimen 
IS unsuitable for the test Place the rack containing the clear speci 
mens (dot downward) m a suitable serologic water bath for thirty 
mmutes at 56^ C , having first filled the Wassermann tube with 
water from the water bath Next, remove the rack from the water 
bath, pour the water off the tubes by indmmg the rack, remove the 
cap from the serum end of each collection tube and notch it just above 
the junction of dot and serum with a file such as is used to open an 
ampule of arspbenamme Hold the collection tube honxontally, 
bre^ It and discard the part of the tube that contains the dot Handle 
the part with the dear scrum as follows 

1 Dram into one glass tube (similar to the collection tube pre 
viously described) enough serum so that the length of the column of 
serum is about 2 5 cm , and dram into a second similar glass tube 
enough serum so that the column is 0 5 to 1 cm long 

2 With a capillary pipel, add to the first tube glycennated Hmton 
indicator equal to the amount of serum in the tube, as estimated by 
the combmed length oi the column of serum and mdicator 

The capillary pipet consists of a piece of glass tubmg about 10 or 12 
cm long and 1 cm m diameter one end is tapered to a capillary tip about 
I mm la diameter The other end » capped with a mhber bulb Provided 
no serum is drawn into the capillary pipet, it need not be nnsed Care should 
be taken not to allow aw to separate the serum and Hinton indicator, which 
would prevent mixing 

3 To the second tube with the same capillary pipet add diluted 
Hmton indicator equal to about five times the amount of the serum, 

* Davie* JAVA Microflocculatxm Test far Syphihs, Jour Lab and Qin Med 
22.0S9-965 (Jttoe) 1937 
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as estimated fay the combined length of the column of serum and 
indicator. 

4. Mix the serum and the Hinton indicator in each tube by tilting 
the liquid to\Yard alternate ends of the tube ten or fifteen times. 

5. Cap both ends of each tube, return the tubes to the numbered 
Wasserroann tubes in the rack and immerse in a 37* C. water bath for 
sixteen hours, having fint filled the Wassennann tubes with water 
from the water bath. 

6. Remove the rack from the water bath and centrifuge the tubes 
for five minutes at approximately 2000 revolutions per minute. 

7. Read the results ivith the low-power objective of a microscope. 
The light should be cut down by lowering the condenser so that 
aggregates at the meniscus can be seen readily. Moreover, the stage 
of the microscope shoidd be tilted at an angle of about 30 degrees and 
the lube placed under the lens so that the meniscus is uppermost. 
Readings are designated as follows: 

Pojilke, if there arc definite, discrete, compact clumps at the 
meniscus. Gentle thumping of the tube may help float the dumps 
into view. 

Douhlful, if there arc a few small dumps at the meniscus. In such 
cases, the dumps should be broken up by thumping the tube with a 
finger and the tube should be centrifuged for three minutes. The 
test is reported ‘'doubtful” if small dumps arc again visible at the 
meniscus, and “positive,” if large, compact clumps are present. 

Hcgalke, if there are no dumps at all. Amorphous, doudy mate- 
rial at the meni^us should be disregarded. 

The technic that has been described requires about O.l c.c. of serum; 
smaller amounts of serum (0.05 c.c. or more) may be bandied In the same 
way, in capillary tubes that are 10 or U cm. long and 1.25 to 1.5 mm. in 
Inside diameter, e.xcept that the tubes are sealed with a small gas flame 
instead of rubber caps. Inactivation at 56" C. may be reduced to twenty 
minutes, and incubation at 37® C, may be reduced to thirty minutes without 
apparent loss of accuracy. 

n*vzas-mi?Toaf rLoccciaiion ixst os CEsxBsospinsx 

Although this test has not been oflSdaily evaluated, it has in the 
e^qjeriencB of the originators proved to be far ea^er to perform and 
more efficient than the Wassermann and the flocculation tests with 
which it has been compared. At present it is being used by the Massa- 
chusetts Department of Public Health. 

*Davie^ J. A. V.: A Modification ol the Ifiiton Test Appied to Spinal Fluid, Am 
Joue. Clin. Talh., 7;24(>-24S (May), 1937. 
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Specimens of spinal fluid for this test should not be cloudy because 
of bactenal contamination, which is hkely to give falsely negative 
reactions, nor admixed with more than a trace of blood because in 
rare instances an excess of blood can cause a falsely positive reaction. 
Hjese facts must be borne m mind when interpreting results for 
even if the speamen has been cleared by centrifuging, these state- 
ments still hold 

The test requires the followmg materials 

1 Clycertnalcd Htnion iitdtcalor, which may be made in suiHaent 
quantity to last a month, provided it is stored m the refrigerator at a 
temperature of 8® to 10“ C 

2 A 20 per uni solutiM oj acacta, which is prepared by diluting 
2 parts ol 30 per cent acacia,^ with 1 part of physiologic salt solution 
This should be kept m a refrigerator and discarded when it becomes 
cloudy 

3 Btnlon-negalive human serum, which may be obtained by pool 
mg serums that remam after perfonmng the routine serologic tests 
Select for this pooling only Hinton negative serums which are clear 
(without hemolysis) and which have been inactivated at 55“ C for 
thirty Eomutes The rather remote possibility of a lonal elTcct may be 
ruled out by testing the pooled scrum in the following amounts 

Tube 5 c c of serum and 0 S c c of Hinton indicator 

Tube 2—0 I c c of serum and 0 5 c c of Hinton indicator 

Tube J— 0 1 c c of serum and 1 cc of Hinton indicator 

Tube 4—0 I c c of serum and 2 c c of Hinton indicator 

If all of these tubes show a negative reaction the pooled serum is 
suitable for use and should be passed through a Berkefeld "N" filter 
and collected imder stenie conditions in rubber stoppered bottles, so 
that eadi contains not more than three days* supply These should 
be kept in a refngerator at 8“ to 10* C Pooled serum should not be 
kept longer than three weeks and should be thrown away sooner if it 
becomes cloudy Old serum is likely to falsely negative reactions 

Laboratones that lest only a few spm^ fluids at a time may find 
it more convenient to prepare only enough serum for the day by 
selecting one or two of the dearer Hinton negative serums of that 
day and retesting by the ‘ rapid” method m the four amounts mdi 
cated previously The rapid method exmsists m shaking the four 
tubes containing the serum and Hmton indicator for three minutes, 
then placing them m a water bath at 37* C for thirty mmutes, cen 
tnfuging them for ten minutes at high speed (about 2000 revolutions 

*The tolutioD of ftcana (cooUunmg45perccntof lodium chlonde) niay be purchased 
from Uie Eli Lilly Ca in 100-c c. unpu es. 
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per minute) and then reading the results If the reaction m all of the 
tubes IS negative the serum is suitable for testing spmal flmd 

Procedure — In a suitable rack, set up two tubes (one behind the 
other), measunng 10 by 100 mm , foreaii spmal fluid and tuo tubes 
for controls Label each tube 

Pipet 0 6 c c of the first spinal fluid into the first tube of the 
first roiv and the same amount into the corresponding tube of the 
second row, and continue m this way with each specimen of spmal 
fluid Pipet 0 6 c c. of ph>"sioIogic salt solution into each control tube 
the 20 per cent solution of acaaa with the previously tested 
clear Hinton negative human serum in equal parts for example, if 
ten spmal fluids are to be examined, 1 5 c c of the serum and 1 5 c c 
of the 20 per cent solution of acaaa mixed together, will be enough 
to make up for these speamens Pipet 0 2 c c. of this into each tube 
of the first row (taciude control) and then pipet 02 cc of Hinton 
indicator into these same tubes If several spinal fluids are to be ex 
amined at one lime the freshly mixed acaaa serum rmxlure may be 
added to an equal amount of Hmton indicator just prior to use, and 
0 4 C.C of this mixture pipetted into each tube of the first row 

Into each tube of the second row, including the control pipet 
0 2 cc of the acacia serum mixture and 0 6 c c of Hinton indicator 
If so desired 1 part of the acacia serum xmxture may be added to 
3 parts of Hinton indicator just prior to use, and 0 8 c c of this mix 
ture measured into each tube of the second row 

Thoroughly and vigorously, either by hand or with a shaking 
machine, shake the rack contauung the tubes so that the contents 
are completely homogeneous 

Incubate in a water bath at 37® C for sixteen hours, taking care 
that the water level is slightly above that of the contents of the tubes 
Do not allow water to drop into the tubes 

Centnfuge at approximately 2000 revolutions per minute, then read 
the tests in front of a window or other suitable artibaal light Hold 
the tube at the top mth one hand and tap near the bottom with a 
finger of the other hand By such a pro<^dure any floccules at the 
meniscus are dispersed downward and are easily visible 
Report the results as follows 

Postli-'e, if m eiPier tube there is fiocculalton that is definitely 
visible Tubes in which the reaction is positive should not be cen- 
trifuged a second time, because this may change the reaction to 
negative m cases m which it is truly positive 

Doubtful if either of the tubes shows questionable flocculation 
which centrifuging for an additional five minutes does not amphfy 
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JVegafiTe, if the ongmai ground ^ass appearance persists ni bolh 
tubes Tubes m which the reaction is negative should be centnfuged 
a second time for five imnutes, the test read again and the reaction 
reported as negative if the ground glass appearance persists, other 
wise. It should be reported as positi\e or doubtful, depending upon 
the visibility of the flocculcs 

Unsalts/aclory, if the tubes containing spinal fluid that was ong 
inally turbid from baclenal contamination show no dearly visible 
partides, but cloudiness that is distinctly greater than that m the 
control tube, or if the reaction is positive m the presence of con 
tarmnation with more than a trace of blood 

C Eacts Tesrs 

1 QOAUTATtVS SERDU rLOCCUUTlON TEST 

1 Preparation oj Serum —If the blood has been obtamed by \eni 
puncture, the dot is centnfuged and 0 1 c c of the dear supernatant 
serum is transferred to a numbered tube If it is found convenient 
to uork with larger quantities 02 cc of the scrum may be used, 
with a corrcspondmgly larger amount of antigen It is essential that 
the scrum be free of red blood cells or suspended partides which might 
simulate lipoidal aggregates The use of strongly hemolyzed serum 
does not affect the results save in so far as it makes it difhcult to 
recogmze aggregates with the naked e>e However, the results can 
usually be read wiUi no difRculty under the microscope 

If the blood is obtained from a Anger tip puncture, it is allowed to 
flow into a capillary tube ItO mm long and approximately 3 to 3 5 
mm m diameter ‘ Such tubes hold approxunately 0 3 to 0 45 c c of 
blood when two thirds full an amount which is adequate for the 
performance of the test The free end of the tube is sealed in a flame, 
and the blood is allowed to coagulate When the dot has begun to 
retract, the tube is centnfuged for three or four minutes at 2000 
revolutions per minute the glass is filed and broken abov e the dot 
and approximately 0 1 c c of the dear scrum is bloivn into the num 
bered glass tube used m performing the test Thick walled tubes 
’Kvth.owt a lip, Wi^as>^isi'a'g «.vVhes VI by 7S mm wr 9 by 9(1 mm mU 
prove satisfactory 

2 PreparaUon oj Antigen — ^Tifty Gm of dned powdered beef 
heart (Difco) are extracted for fifteen minutes at 30® to 37° C with 
250 cc of anesthesia ether, with frequent shaking The mixture is 

^Ttine upiU&ty tube tas be obtuned Inna rne^neb and I^inumU, Ntv 

Jersey 
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filtered with suction, the ether extract is discarded and the powder is 
similarly extracted with a second portion of fresh ether (250 c c ) 
This IS done four times All the ether extracts are discarded The beef 
heart powder is then washed on the filter with 100 c c. of fresh ether 
thoroughly dried, and extracted with 250 c c of absolute ethyl alcohol 
for three to five days at 20” to 37* C The flash ^ould be penodi 
cally shaken dunng this interval At the end of this time, the alcohohc 
mixture is filtered, and the moist powder is washed with small portions 
of fresh absolute alcohol imtil the combmed alcoholic extract and 
washings measure 250 c c 

This basic extract is fortified with 0 6 per cent each of cholesterol 
and com germ sterol (6 mg of each sterol per cubic centimeter antigen) 
The required amount of sterol is added to a measured volume of 
antigen and is dissolved by boding • One c c. of this completed antigen 
suffices for SOO tests 

Each lot of antigen should be checked by perfonmng some tests 
with known negative and positive sera The antigen remains ser 
viceable for years if stored at room temperature m tightly stoppered 
containers. 

3 Preparclton of Anhgin DUulton — One volume of the fortified 
antigen is diluted with two volumes of 0 85 per cent (“physiologic”) 
solution of sodium chlonde The measured amount of salt solution 
is blown into the antigen with a pipet The tip of the pipet should 
have a suffiaently large bore to make the admixture of salt and 
antigen rapid and mmplete The milky suspension which forms is the 
stock antigen dilution, which should be aged for at least twenty four 
hours m the icebox before being used Stored in the icebox, this 
primary dilution remains serviceable for at least five days 

For actual use m the test, a measured amount of this stock dilu 
tion (for example, 0 2 c c ) is further diluted with eight volumes (for 
example, 16cc)ofa4 per cent solution of sodium chlonde This 
second dilution should be made just before the antigen is added to 
the serum 

4 PcrJOTinance of Routine Serum Test — ^To 0 1 cc of mactivated 
serum is added 0 05 c-c of freshly diluted antigen fthe stock dilution 
freshly diluted with ei^t volumes of a 4 per cent solution of sodium 
chlonde) If it is more convenient to use larger quantities, 0 1 cc 
of the antigen dilution is added to 0 2 c.c of serum The serum 
antigen mixture is vigorously shaken for five minutes. If a sh a k i n g 
machme is used, it should be adjusted to approximately ISO to-and 

>The»Rtig«icsa beobta Bcd/roni iheDisestiveFenaeats Conjpaay, Detfwl, Mjcla 

C«»- 
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fro movements per minute, with a 4-cm stroke The tubes are then 
placed m a 37® C water bath for thirty minutes • At the end of tius 
time, they are ccntri/uged at 1500 to 20U0 revolutions per minute 
for ten minutes Prolonged cenirfugation at excessive speeds is to 
be avoided, as U causes partial aggregation of the antigen crystals 
and false doubtful reactions on microscopic cxanunation 

The results are read at once, by cither macroscopic or microscopic 
observation, or both 

5 Emergency Serum Test — case of emergency, as for a blood 
transfusion, the entire test can be completed witlun twenty to twenty- 
five minutes The scrum is inactivated for tliree minutes at 60® C , 
antigen is added as in the routine test and the tube is shaken for five 
minutes in a shaking machine at ISO complete to-and fro movements 
per mmute, with a 4'Cm stroke The incubation is omitted The 
tube IS then centrifuged for eight minutes at 1500 to 2000 revolutions 
per mmute, and the results ore read as in the routine test. 

6 Reading of Results— In general, aggregates are easier to see 
under the microscope than with the naked eye It follows that very 
weakly positive sera may appear doubtful or even negative when 
viewed macroscopicaliy, and yet the serum antigen mixture may 
show unmistakable aggregation by microscopic examination Wher- 
ever feasible, it is therefore recommended that the tests be read both 
macroscopicaliy, m the tube, and microscopically, by pounng a bttle 
of the serum antigen mixture onto a glass side If the number of tests 
makes this prohibitively laborious, it is suggested that the micro 
scopic examination be used wherever there is the slightest doubt as 
to the macroscopic reading Almost all otherwise doubtful reactions 
are thus resolved into positive or negative 

(o) Macroscopic Reading — ^If the result is positive, one sees a few 
coarse aggregates floating m a comparatively dear fiuid In a few 
positive sera, the fiuid is water dear and the aggregates have sedi- 
mented to form a coherent fiake at the bottom of the tube If the 
aggregation is questionable the result is doubtful If the result is 
negative the tube at rest seems opalescent and homogeneous, when it 
IS gently shaken, one sees a swirl of the rcfractile crystals of the 
antigen Occasionally, these discrete cjystals are floated to the top 
of the serum on centrifugation these immediately redisperse on roild 
agitation and are readily distinguished from the coherent aggregates 
of a positive reaction. Vigorous shaking of the contents of the tube is 
to be avoided, as sedimented dut partides or red blood cells are thus 
resuspended 

‘Maybeosuttedd the tube* have been ehakea to a mechanicaJsheterforfiveniinutei 
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{b) Microscopic Readins , — The contents of the tube are poured 
onto a glass slide. It is convenient to use hollow ground slides, with 
depressioiis 1.5 cm. in diameter and 1 5 to 2 mm deep. If these are 
not available, drdes 2 cm. in diameter are inscribed on ordinary 
slides with a glass-marking pencil. The slide is gently rotated on a 
flat surface for five to ten seconds and the results read at once. It is 
essential that not more than two minutes elapse between the time 
the serum-antigen mixture is poured on the slide and its examination 
under the microscope The magnification should be about 100 times 



Fig 358 — Wacroscopic rtading posUoe— % single large clump ol aatigen floating 5a 
clear liquid, Quovscopic reading positive, report to pbysician.posiuve (Easle and Brand, 
“Amer Jour, o! Syphil t, Gonorrhea, and Veae^ Piseases," January, 1933 ) 


(10 X ocular, 16-mm. objective). The light should be adjusted so 
that a control negative scrum appears homogeneous (Fig 363) and 
should be kept in that position while the actual tests are read. 

If a positive result, one sees irregular aggregates of varying degrees 
of coarseness floating in a clear fluid (Figs. 358, 359, 360, 361). If 
the aggregation is questionable, the result is doubtful (Hg. 362). 
In a negative reaction, one finds a uniform distnbution of minute and 
discrete antigen crystals over the entire field (Fig 363). 

7. Reporting the Results , — In reporUng the results to the pbysidan, 
if the macroscopic reading is po^Uve or doubtful, and the micro* 




7t8 


SEKODlAGNOSnc UETEODS 



r g 359 — Ktacroscop c read ns. positive— ogmerous cliunrt iJoatlog a clear I qu d 
oucrescop c rrad ne pos * ve report to phyacun posit ve. (Eagle and Cnnd Ann 
Jour of Syph I • Gonorrhea and Veoere^ D cases January 19311 ) 



Fig 3M — 2Iacroscop e read ng doubilul — indefin te small nggr^ates microscop c 
reading positive report to physic an positive (Eagle and Brand Amer Jour ol Sypb 
Qi 5 Gonorrhea, and Venereal Diseases, jaouaix 193S.) 




Fij} 361 — Macrojcopic mtJing, ncgalivt— appjitni)/ boniogencous, nucroscopic 
reading;, postUvt, report to phjTicuxt, (1) positive, please repeat, {i) positive, conSnsed 
by duplicate teat, please repeat (Caste aod Btaad. *'Am<r jour of Syphilis. Gonorrhea, 
and Venereal Diseases,” January, 1933 ) 



Hg 362 — Macroscopic te.iding nrt^uve. Rucrosco{HC reading doubtful, report to 
physician, (1) doubtful, please repeat, (2) doubtful, confimed by duplicate test, please 
repeat, (^gle and Brand, “Ainer Jour of S 3 fjdulug Gonorrhea, and Venereal Diseases ’ 
January, 1938 ) 

fi9 
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scopic reading is positive, the result is reported as positive (Figs 
358,359 360) 

If the macroscopic reading is negative, but unmistakable aggre 
gates are seen under the microscope, the result is positive (Fig 361) 
If there IS sufficient serum for another test, such djscrepanaes should 
be checked before being reported If the result has been so confirmed 
by a second test the report should include a statement to that effect 
(positive, confirmed by duplicate test) 

If the microscopic examination show’s indefinite aggregation (Tig 
362) the macroscopic reading is almost invariably negative, and the 



Hg 363 — -llacroscop c ng negative m crcKxop c read ng ncgalive report to 

physiaan orgalivc (Cagie tlraori Amci Jour ol SypluLs, Goaonhu,itsd Venereal 
Diseases, Jaauary, 1938 ) 

result of the test is reported as "doubtful — please repeat " If there is 
sufiiaent serum for another test, such results should be checked before 
being reported ‘ The report should include a statement to that effect 
('doubtful, confirmed by dupheate test — please repeat") 

IL OUAwrlTATIVS SEBQU FlOCCOlxnolf T*SI 

If it IS necessary or desirable to ascertain the degree of positivity 
of a known positive serum, this can be done by doing the routme test 
on serial dilutions of serum 

* Since two houn lulEce itie eatire test, U can be repeated on tbe same day i! the 

serum is avaiUble* 
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Whole inacUvated serum C-C. 


m 

K 

■ 






Senim, diluted 1 S with 0..85 
per cent solution of sodium 
chlonde, cc. 

1 

1 

1 

1 

01 

005 




Serum, diluted 1 64 with 0 So 
per cent solution of sodium 
chlonde, cc 

1 

1 

L 


1 

1 



02 

01 

OOoetc 

0.S5 pel cent solution of vi- 
dium chlonde, c.c 

1 

I 0 

ot 

i 

B 

01 

1 

015 

0 

01 

015 

Final dilution of serum 

r 

1 2 

m 

1 

1 us 

1 32 

1 64 


1 256 

Result of test 1 

F 

+ 1 

Fi 


+ 

F 

F 

rri 

I “ 


The serum is positive up to a 1 48 dilution, a reagm titer of 48 ‘ 

m. EiOtE WASSBBMAim TSCSRlC 

(Inactivated serum, pooled guinea pig complement, sheep red 
blood cells, rabbit amboceptor, strongly fortified beef heart antigen 
All the reagents are used 10 a volume of 0 4 c c , maling the total 
volume of the test 2 c c If the conservation of materials is advisable, 
or if the techmaan is suffiuently expert, all the indicated quantities 
can be halved ) 

1 Preparahon of Anitgeti—U a umfonn preparation of dried 
powdered beef heart is not available, the techmaan may prepare his 
own The heart tissue must be quite fresh, and the fat, pencardiiun 
and blood vessels should be removed The muscle is ground m an 
ordinary meat grmder, and then dned by the addition of 150 cc of 
acetone to each 100 Gm of tissue After about an hour at room tern 
perature, with, frequent shaking, the acetone is removed by filtration, 
the tissue is shaken with a seamd portion of acetone (150 c c ) for a few 
minutes and the mixture again is filtered The acetone filtrates arc 
discarded The tissue is spread in a tbm layer on a dean surface and 
thoroughly dried m a 37° C incubator for twenty four hours, when it is 
turned and dried again for twenty four hours The dry sheet is now 
pulvenaed as finely as possible in a mortar, or, preferably, in a pulver 
izing machine. 

(o) Preparatton of the Tissue Extract — Fifty Gm of the dned 
powdered beef heart, preferably a pooled preparation such as one 

‘ Very rarely jotie reactions are observed in which strongly posiUve sera give a nega 
bve result in thexouUnelest with whole senus^tnit arestxongly positive li tested in a 1 10 
os 







733 S£KOPlACNOSnC KEIHOOS 

available commeraaliy (for example, Difco), is extracted with 250 
c c of pure anesthesia ether (See per gram of powder) for fifteen 
minutes at 30^ to 37® C , with frequent shaking The mixture is 
filtered with suction, and the extraction is repealed wth fresh ether 
until four extractions have been performed All the ether extracts 
are discarded After the fourth filtration, the beef heart powder is 
cashed on the filter with 100 cc of fresh ether, dned and then ex 
traded for five days with 250 cc of absolute alcohol (5 cc per 
gram of powder) The alcoholic extract is filtered, and the moist powder 
IS washed on the filter with small portions of fresh alcohol until the 
volume of the combined alcoholic filtrate and washings is equal to 
250 cc (See per gram of powder) The dear, straw jellow extract is 
the basic antigen, and contains approximately 1 2 to 1 5 per cent of 
sohds It IS now fortified with cholesterol, which is added to a concen 
tration of 0 6 per cent (6 mg per cubic centimeter of extract) * The 
cholesterol is dissolved by boilmg This completed antigen, tightly 
stoppered, retains its reactivity almost indefinitely (more than eight 
>ears) at room temperature For use m the test, it is diluted each day 
by slowly pouring from SO to 200 volumes of 0 85 per cent salt solution 
into one volume of the antigen The exact quantity of salt solution to 
be used is determined once for each lot of antigen by the technic to be 
described One c c of antigen sufiices for approximately 100 tests 

It IS to be noted that the same basic extract, fortified by the addi 
tion of 0 6 Cm of cholesterol, and 0 6 Cm of com germ sterol to each 
100 c c , is used m the Eagle Qocculation technic previously described 

(b) AnticompUmentary and Bcmolyttc Tiirahon of Atiltgen — Each 
lot of antigen should be tested once for its anticomplementary and 
hemolytic activity, to ensure that these undesirable properties are 
not so pronounced as to interfere with its use m the test The tedmic 
of these titrations is given in Tables 1 and 2 Antigens prepared 
by the method just described are usually not anticomplementary in 
more than a 1 6 dilution, and are not significantly more hemolytic 
than IS pure alcohol The use of a 1 120 dilution m the test proper 
(vide infra) thus provides a wide margin of safety 

(c) Delernuaation of the Optmdt Antigen Ddulioa — As m, the case 
of the anticomplementary titration, the optimal dilution of the 
antigen need be determined only once with each lot of antigen The 
importance of this titration is not generally realized A typical tilra 

* If the complement is pooled serum from aaay guioex-pigs and is uniformly of high 
activity, a 1 per cent concentration of cbolesterot may be used with safety with some- 
what more sensitive results. With saeh a highl/ fortified antigen, three hours in the ice- 
box followed by half an hour at 37* C a the reoxamended incubation period. Particular 
care must be paid to the complement and antigen controls. 



SERODUCNOSnc TESTS TOR SYPHILIS 


TABLE i 

HsuoLYnc “nTSAnoM or Amtioeh 



CoDclusioa The utisea u cot siguficanU/ hemolytic. 

* These dtlutiou are readily prepared by the foUowug procedure 


Whole antigen, cx. 

04 02 

013 

01 

007 

005 

0 033 

Salt soluuoa, c c. 

0 02 

0J7 

04 

043 

045 

047 

Ftaal dilution of antigen 

1 IJ 

14 

14 

24 

U 

2 22 


t Caa be senutuetl or uastruiUaed, but should be 14 per cent by volume 


TABLET 

ArmcoumiuENTAST ‘nrtATioN or Akhczm 



Conclusion Antigen is anUcomplemenUiy up to a 1 4 dHutioo. 

* These dilutioas are readily prepared the following procedure 
Whole anugen. C.C 04 02 013 01 007 OOS 0033 

Salt solution, C.C. 0 02 027 04 043 04S 047 

Final dilution of antigen 1 12 13 14 16 1S112 
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tion illustrating the method is given m Table 3 In that example, 
the most sensitive, and thus the optimal dilution, is approximately 
1 HO If the powdered beef heart used for the antigen is a pooled, 
uniform product, and if the method of preparation is adhered to 
ngidly. It IS generally found that the optimal antigen dilution is also 
very uniform and does not deviate significantly from the 1 120 to 
1 160 value (Table 3) 


TABLES 

Deiekuc.aiio'4 or raz OrauAt Daonon or Anticsm 


OSutloa 

K<Sult<llV*t*0TBAlia test* Ml 

SlTODi^y pmiirc 

Tba uac Mfoia diluted* wilS uIC MlutloB. 

1 i 

1 1 

1 * 

m 

.» 

1 64 

1 s» 

1 40 

+ 

+ 


+ 

D 

0 

0 


1 80 

B9 

D 

+ 

+ 

* 

0 


0 

1 200 

SB 

B 

+ 

+ 

+ 

0 

0 


1 120 

+ 

- 

+ 

+ 


- 

0 


i 160 

+ 

a 

4- 

+ 

+ 


0 

0 

1 200 

+ 

- 

+ 

+ 

+ 

0 

0 

0 


-f- — positive iloublful 0 — segslive 

(bo beiDoIi’Bu) (putul bemolyus) (complete hesiolysa} 

* Tbe aatisen dilutions to be used In the menuoned utnUoa cu be pnpaied u lot 

iOKI 

1 40 eatigea dilution, cc. 00 40 J2 27 20 {16 

S&It solutlao, cx. 0 4B 4A 5J 6B (6.4 

HuJ diluuon ol entijen 1 40 1 SO 1 100 1 120 1 160 1 200 

Similarly, tbe wnun dilutions can be lesdily prepared as follows 
Strum C.C 40 20 10 05 0J5 0 125 0 062 

Diluent, C.C. 0 20 SO 55 5 75 39 40 

Final dduuon oi serum 1J2 14 13 116 132 1*64 

In prepanng the antigen for daily use m the test, the correct 
volume of salt solution is slonly pour^ into one volume of antigen 
The antigen dilution should be opalescent and homogeneous, and 
should not contain any visible granules 

2 Preparation of Complement — At least five, and preferably 
more, guinea pigs are bled from the heart, the clots are broken up 
with a glass rod and centrifuged Bleeding large gumea pigs (more 
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than 1 pound, 0 5 Kg m weight) for comparatively small quantities 
(5 to 10 c c ) at intervals of four to sis weel^, is more economical than 
exsangumatmg the animal 

The small laboratory which cannot pool the fresh serum of several 
guinea pigs for each senes, or which cannot obtain such pooled fresh 
serum from a central source of supply, may have recourse to three 
methods of preservation 1 Multiple contamers of complement 
serum may be vacuum-dned from the frozen state and vacuum sealed 
on the Flosdoif Mudd apparatus^ Such complement remains fully 
active for at least ten months if stored m the refrigerator 2 Although 
(Ximplement retains its activity when frozen at very low temperature 
(< 20" C), over a penod of weeis and even months, such freezing is 
not feasible m the ordinary laboratory 3 Complement may be pre- 
served by the addition of salt Numerous methods of “salting ’ comple 
meat have been recommended As sunple and as satisfactory as any 
IS the addition of sodium chloride m bulk to the complement serum 
(8 mg of sodium chloride per cubic centimeter serum, dissolved by 
shaking) For actual use m the test, the salted complement is diluted 
with nine volumes of water (for example, 1 c c of complement +9 c c 
of distilled water) to make a 1 10 dilution 

Perhaps the most satisfactory method of preservmg complement 
m the small laboratory is a combmation of 2 and 3 The container of 
salted complement is placed m the freezing compartment of a mechan 
ical refrigerator ^Vhen the complement is stored m this manner 
it undergoes no demonstrable detenoration in two weeks 

3 The Preparation of the Scrum or Spinal Fluid io Be Tested — 
The coagulated blood is separated from the sides of the tube with a 
clean glass rod, and centrifuged for five to ten minutes at 1000 to 
1500 revolutions per minute One c c of the dear serum is pipetted 
mto a numbered tube, which is then placed m a water bath at 56" 
C for fifteen to twenty minutes* In an mcompletely coagulated 
speamen, or m one prevented from coagulating by the addition of 
oxalate or atrate (neither of which should be used in the Wassermann 
reaction), a preapitate of coagulated fibrinogen will develop upon 
inactivation Contrary to published reports, even large amounts of 
hemoglobm dissolved m the serum do not per se affect the results, 
save so far as they obscure the readmg of hemolysis Smularly, the 
only objection to blood older than twenty four hours is that it tends 
to become anticomplementaiy with age, particularly if conditions 

* The Flosdorf Mudd apparatus IS bong tnaoufactuied by the F J Stoi.es Company, 
East Tabor Road Olney, FbiUdcIpbia Pcnnsyt\aiua. 

* la aa emergency, the seiua may be mactivaied for three minutes at 60* to 62* C. 
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faahute bactcnal muJtipIicatton Whenever feasible, the scnim 
should be inactivated immediately before testing If it is inactivated 
the day before the actual test, it should be reheated for hve mmutes 
at 56° C before proceeding with the test on the following day 

Native amboceptor for sheep cells may be removed from the 
inacUvuted senna by adding 0 1 cc. of a ^ck (20 to 40 per cent) 
sxispcnsion of washi^ sheep cells to each cubic centimeter of mac 
livaled semm The serum and cells arc thoroughly mixed, and cen 
tnfuged five minutes later m order to remove the cells An alter 
naUv c method is to add the thick suspension of sheep cells to the 
whole cold blood, mix thoroughly with a clean rod, and centnfuge 
after it has been kept m the refrigerator for filtccn minutes The 
latter procedure has the advantage of simplicity, for it eliminates the 
necessity of a double ccntnfugation for each scrum, it has the dis- 
advantage of causing slight hemolysis 

The removal of native amboceptor unquestionably results m an 
increased sensitivity Nevertheless, it is perhaps an unnecessary 
comphcation if a flocculation test ts earned out m parallel with the 
Wassermann reaction The docculalion test ensures the detection of 
practically all sera which might be Wassermann negative because of 
Uicir native amboceptor content 

Spinal fluid contains neither complement nor amboceptor in sig 
mdeant quantities and therefore requires neither inactivation nor the 
absorption of native amboceptor The whole fresh fluid is used as such 

4 Salt Solution — Ilic salt solution used m dilutmg antigen, com 
picment, serum, cells, and amboceptor is an 0 85 per cent solution 
of chemically pure sodium cblondc in distilled water It ts advisable 
but not absolutely necessary to add a trace of aikalme buffer, as old 
distilled water may be sufBacntly acid, because of dissolved carbon 
dioxide, to accelerate the deterioration of dilute complement It also 
is desirable that all the tubes of the test be at approximately the same 
/>H A final concentration of 0 003 molar phosphate buffer at pU 
7 4 is adequate It is convenient to keep a 17 per cent stock solution 
of sodium chloride containmg 0 1 M of phosphate bulTcr This stop- 
pered stock solution keeps indefinitely A measured volume (50 cc) 
ts diluted each day with twenty volumes (1000 c c) of distilled water 
to form the buffexed, physiologically isotonic salt solution actually 
used in the test The comjxisition of the concentrated stock solution 
IS as follows * 

* An ^icnuUve formuU, whlcb p»cs a MinSar clock solution ts is follows Sotl urn 
cblondc 1 0 Cm. moaopoUssium dtbxdfcsea phospbile 2 7 Cm. sadium bydrocen 
pbotphste, ft J Cm. wiier, q s. id t bUr 
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Scxlum cUondf. 170 Gm. 

Monopat&ssium dihydtogea 

phosphate . 13 6 "* 

Sodtumh^dtonde 3A ** (30 c c, of a 10 per cent soIuUod) 

Water... q. s.ad 1 Lter 


Dilute 50 c c. of this stock solution \yitb 1000 c-c. of water to form 
the bulTered salt solution used In the test. 

5. Selling Up the Teels. — (a) Routine Qualilclice Serutn Tests . — 
Three tubes are advisable, although only two are essential. Tube 1 
is the serum control, containing serum and complement, but salt 
solution instead of antigen. 

Tubes 2 and 3 are the test proper, each containing 0 4 c.c of com 
pkment, 0.4 c c of antigen, and different quantities of serum (0 2 



SenimcoDUcl i 

1 Tett ptopet 

Whole senim, cc. . 

03 

02 ; 

01 

CesipIeaieat,t.lO,cc 

04 

04 

04 

AflUgca, 1:100 

0 

04 

04 

0.&5 per ce&t soluuoa ol sodium chlonde, cc 

06 

0.2* 

04* 


* ilsy b« omitted 


and 0.1 cc). The addition of salt solution to tubes 2 and 3 is not 
essential, but serves to bring the total volume in all three tubes up 
to 1.2 c c., corresponding to 0 4 cc of each of the three reagents 
One antigen control suihees for the entire series of tests, and two 
complement controls are also set up, as here indicated: 



Actlses 

costral. 

1 Cwcpkiwat cactrob Ca iJupliette} 

Aatigeo, 1 100, ex. 

04 

1 ! 

1 

1 ” 

1 a4 

j a4 

CompIemeDt, 1 10, cc 

Bl 

■a 

mm 

Dl 

Bl 

BH 

Salt solution, cc 

1 1 

04 1 

06 j 

1 07 1 

07 1 

i 0.8 


(6) Quaiittlaiive Serum Tests . — If a quantitative determination of 
the reagtn content of a known positive serum is desired, a series of 
dilutions of serum may be prepared by placing 0.4 c c. of salt solu- 
tion in each of a series of tubes. To the first tube is added 0 4 c c of 
serum, and 0 4 c c of the resulting mixture is transferred to the fol- 
lowing tube; 0 4 cc is withdrawn from tube 2 and transferred to 





















728 SESODIAGl^OSnC UETSODS 

tube 3, and the process iS repealed vnth all the tubes of the senes 
The fuial set up is then as follows 


Sema CDOtxol. 1 

1 Teit enpo. 

Serum, cc^O^ 

1 (n 0.1 OjQS 0025 Qnt25 0^062 

0n03l 


Ui a total >-otuiDe oIO 4 m., corresponding to a dflutios of 
12 14 18 1 16 1 52 1 61 1 128 


It IS a technically simpler procedure to prepare a single 1 20 
dilution of the serum (0 1 c c of serum + I 9 c.c of salt solution) 
and distnbute the serum os follows 



Serua eaMtol. 

1 Test proper 

tVhoIe serum, ce- 

02 

Q 

0J}5 





Semm, 1 20 cc ' 




04 

02 

01 

005 

SaltioluUw ce. ' 

06 

02 1 

0.55 

0 

02 

0.3 

0J5 


The dilutions so obtained are ! 2, 1 8, 1 20, 1 40, 1 SO, 2 1(50, id a 
Nolume of 04 cc This is the recommended procedure Antigen and 
complement are then added exactly as in the routine test (0 4 c c. of 
cadi dilution) 

(f) Sptml rimd Wassermann Test — The routme Wassermann 
test on spinal Ouid is a quantitative test Except for the quantities 
used, and the fact that the fluid is not uiacUvated, the set up of the 
test IS similar to that of the quantitative serum test 



Splsal 8uU 
ewiroL 

1 Ted propa 

Spinal fluid, cm 

1.0 

ho 1 

06 ' 

04 

02 

1 01 , 

1 005 

j0025 

Complement, 1 10, cx. 


tm 

02 1 

02 

02 

m 

M 

IIIPM 

Antigen, 1 100, cx. | 

1 “•» 1 

I 02* 1 

‘ 02 j 

1 oj 1 



m 

9 


* The quaatit n of the retcenti ue baited in order to conserve spinal fluid It u to 
be ooted that the maaimal emounl of tpuul fluid used in the \V useRnasa test relative to 
the other reasenta is ten times that us^ to the tests os seiuia. 


The entire series, serum and spinal fluid tests and controls ahke 
are then placed in the icebox for three to four hours 
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While the tests are la the icebox, one proceeds to prepare and 
test the sensitized cell suspension 

6 Preparahon of the Sensitised CeU Suspension — Because this tech 
me calls for the use of a fixed quantity of a pooled, standard com 
plement, it becomes possible to set up the diagnostic tests as the first 
step m the daily performance of the Wassennann reaction, to place 
these tests in the refngerator for their primary incubation of three 
to four hours, and then proceed to the preparation of the sensitized 
cell suspension The cella can be washed, the amboceptor titrated, 
and the titration checked within two hours This leaves ample time 
for other routine work before the tests are placed at 37® C for their 
secondary incubation of thirty minutes prior to the addition of the 
cells 

(a) Preparation of the Stock, 3 Per Cent Suspension of Sheep Cells — 
Dtrated sheep blood (1 part of 5 per cent solution of sodium citrate 
and 5 to 10 parts of blood) or defibnnated blood is collected as asep 
tically as conditions permit The method of choice is to bleed the 
animals from the jugular vein into a stenle vessel containing the 
atrate The addition of sucrose m bulk to a concentration of 2 5 
per cent (2 5 Cm per 100 c c blood) serves to postpone spontaneous 
dismtegration Sterile sheep blood generally remams serviceable for 
one to three weeks if stored at 0® to 5® C 

For use in the test, one volume of blood is washed with ten to 
fifteen volumes of 0 85 per cent salt solution, the mixture is centn 
fuged, and the supernatant fluid carefully withdrawn The sedi 
mented cells are resuspended m a second portion of salt solution and 
agam centrifuged, this time in a graduated tube, until the volume 
of sedimented cells becomes constant Centrifuging for ten to fifteen 
minutes at 2000 to 2500 revolutions per minute will suffice The 
supernatant fluid is carefully withdrawn, and the measured cell 
sediment is resuspended m thirty two volumes of salt solution to form 
the stock 3 per cent suspension of unsensitized cells This must be 
prepared fre^ daily 

(i>) TtSralion of Amhoceplor — The minimal hemolytic quantit> 
(unit) of amboceptor must be determined daily for the particular cell 
suspension to be used that day, by the technic outlmcd in Table 4, 
p 730 This hemolytic unit of amboceptor should be a 1 2400 dilution 
or higher, and an amboceptor should be discarded if it is so inactive 
that the hemolytic luut represents a 1 1000 dilution 

The umt of amboceptor in the example ated is a 1 ,3000 to 1 4000 
dilution, or, mterpolating, approximately a 1 3500 dilution An 
amboceptor dilution is now prepared containing 2J units On the 
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example ated, a 1 1400 dilution) This amboceptor dUution is poured 
into an equal TOlume of the 3 per cent suspension of cells to form 
the 1 5 per cent suspension of sensitized cells which, is actually used 
IQ the test 

(c) Chech on the Amboceptor Tttralton — ^Thc sensitization of the 
cells should be completed within an hour One set of complement 
controls previously placed m the refrigerator along with the tests 
and containing 0 4, 0 2, 0 13, and 0 1 c c of complement m a total 
volume of 1 2 c c., is now rttnoved from the rcfiigcrator, and 0 8 c c 
of the sensitized suspension of cells is added to each tube The degree 

TABLE* 

TccHNic o» TmATioa or Amboczpto* 


Ttntloa et amboceplDr * 



1 1000 

1 1500 

1 2000 

1 3000 

1 4000 

1 6000 

1 3000 


04 

in 

04 

Bl 

BB 

m 

m 


04 

04 

0.4 




bI 


08 

08 

08 



PH 


CompIeineDl, 1 10, ee. 


04 

04 

D 


m 

[q 

Exsmple of rouling of bemolysu 

Qg 

Com 

Core 

1^9 

Pm 


Noae 

alter } hour at 37* C. 

03 

picte 

pUle 

QQ 

tul 

Ua] 



* The folio nog u a simple melbod of seitiag up these amboceptor dilutions 
1 1000 amboceptor, 

c& 04 027 02 013 010 0067 005 

Salt solutioa, c& 0 0 015 0 2 0 27 0^0 0^ 0 35 

Final dilution of 

amboceptor 1 1000 1 1500 1 .2000 1 3000 1 4000 1 6000 1 8000 

of hemolysis js read after the set of controls has been kept at 37* C 
for thirty minutes If the titration of the amboceptor was correct, 
the 0 4 c c of 1 10 complement used la the test represents two to 
two and a half times the amount necessary to cause complete hetii 
oI>'sis in thirty mmutes Accordingly, the sheep cells m the first two 
tubes of the complement titration should be completely hemolyzed, 
tube 3 should show partial hemolysis, and tube 4 should show httle 
or no bcmclj-sis Any error m the titration of the amboceptor becomes 
immwliatcly apparent If only the first lube shows complete hem 
olysis the cells have been m^equately sensitized, and more ambo' 
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ceptor ‘should be added If complete hemolysis occurs in the three 
tubes, an excess of amboceptor has been used The techniaan must 
reconcile himself to a sudden decrease in the sensitivity of the test, 
or a second portion of blood must be washed and sensitized with 
the correct amount of amboceptor, that is, somewhat less than that 
used in the first lot 

7 Scco7idary Incubation oj iht Tests at 37^ C , and the Addition oi 
the Scnsitred Cells — ^After three to four hours at 0* to 5® C , the 
tests and controls are placed in the 37® C water bath for thirty min 
utes Eight tenths (0 8) c c of the sensitized cell suspension is then 
added to all the tubes, whirdi are vigorously shaken and replaced 
m an oven at 37® C for their final incubabon of twenty to thirty 
mmutes 

This leeuay of ten minutes is allowed the techniaan m order to 
compensate for any slight error m the sensitization of the ceUs as de 
tecled by the complement dicck just described If tube 2 of the com 
plement control, which contains half the amount of complement 
used m the test, is slow to show hemolysis, requiring, for example, 
thirty minutes for complete hemolysis, ^en the tests also are given 
thirty minutes If, on the other hand, tube 2 shows complete hemol 
ysis m twenty minutes, the results of the tests also should be read 
m twenty minutes after the addition of the sensitized cells The futtl 
jty of any stop*watch preasion is apparent when one remembers 
that it leqmres five to ^teen mmutes merely to add cells to a large 
senes of test tubes 

8 Reading of Results — (a) The antigen controls should be com 
pletely hemolyzed Properly diluted, the antigen fortified with 0 6 
or 1 per cent diolesterol is not demonstrably anticomplementaiy under 
the conditions of the test Failure of hemolysis to occur indicates 
that the complement is defective, and is detenorating under the con 
ditions of the test 

(6) The complement controls mcubaled along with the tests should 
show approximately the same degree of hemolysis as the first set used 
to check the titration of the amboceptor Any pronounced differ 
ences, illustrated in the table (top of p 732), mdicate either that 
the complement is defective and is deteriorating under the conditions 
of the test, or that the antigen is significantly anticomplementary 
under the conditions of the test Such detenoratioa with fresh com 
plement indicates that the gumca pigs are in poor condition, and 
necessitates the greatest caution m die reading of results 

(c) Reading of Tests Proper — Tables 5 and 6, illustrating the 
reading of results, are self-explanatory If the serum as such destroys 
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Tubs I 

Tuber 

Tubes 

TuU4 

Amount of complement refemd to thnt 
used m the test 

Same 


i 

i 

Hemolysis caused by freshly prepared dl 
lutioos 

CosnpUtc 

Complete 

Tutu! 

Trace 

Hemolysu caused after storage at 0*-S* C 
for four houn, followed by } hour at 37* 
C. 

1 

Almostcom . 
ptete 

1 

Trace 

Trace 

None 


TABLE 5 

RSAsrKG OT RtscriTS iM RooTiVE Wasscuianv Tesi* 


SiruB Central 

Teat freper Seesue oC 
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Ijtlt 
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Ceetlete Ijeit Ctsplete l 7 »l» 


[rj ssaaa 

Serttit Irete rartlel l/tl* 

. 0, 


d 

Ceaylet* Irtli 

» 1 1 Ule», la 'tilt 

FTj '*'* 

V lii 

To ijtu fartui ijiU 

d 

Csnplet* Ir'lt 

lie Sfale re lyela 

Bn 



iMOmfUf <r Bg lytt» In >11 tlir«» twfe«» 


' Eacle “Hie Lebomtoiy Diecsosis of SyphSu,** Courtesy of C. V. Mosby Co 
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complement, m the absence of antigen, it is anticompkmentaiy, a 
restdt which offers no evidence as to the presence or absence of syph 
ilitic infection If the scrum control is completely hemolyzed, and the 
tubes containing scrum, complement and antigen show no hemolysis, 
complement has been fused by a bpoid leagm compound, and the 
result IS piositiNC If all three tubes show complete hemolysis, the 
complement has not been fixed and the result is negative Fmally, 
if the tests show partiij hemolysis, the scrum control being com- 
plctelj hemolyzed, only part of the <»mplement has been fixed, and 
the result is doubtful 


TABLE 6 

BIAWNO Of OUAWWATIV* S«uu Tisis* 

3*na 

ttrtrel 

T*it proper vteb ••rua dtiucioni K*«dlng of 

12 1 a 1 20 liU littO UX(A I 1 J 5 O roiolt 

D 

e • 

DDDDDdd 

aplol* Xr*t« iB Ail tUbOA 

D, 

Cas^ifta 

IJlU 

iVVVVdd iir 

S« KA Eo E» SO CM^lttA CocplAtt 

IfHi l7il« 2rti« Zr*lA Ijr'l* 27*1« 2/>]A 

SitB A itrvn^r Toalttv* «*rui( (tU«p «r l4 «r hli;h»r] pArtUl 
btBSiTiis la iKa li2 tontrol c»a at>r«e«rd«4t 

vUh 1«<« •tronglr (An, tb« r**dLnA la aueb a e»»» ta 

•elicBBiiaatslUT 


iiVVVdd 

*» i 
Jj»l» 

ITo fr KO to to roftiol CoeplPt* 

Iflio ijfXo Iftl* ijtiO 2/«1a 1/ilA Ijili 


* Eagle '*Tbe Ltbcritary Disgaesa of SypbiltSs" Cauttesy o{ C, V SlosbyCa 


In the quantitative Wassennaon test the result is expressed as 
the maximal dilution of serum which contmues to give a positive 
result In Table 6, the serum may be said to be positive up to a 1 80 
dilution Similarly, in the spmal fluid test, a Wassermaiin positive 
fluid may be said to be i>osilive down to, for example, 0 5 c c 

Table 7, p 734, is a condensed summary of the routine serum 
Wassennann test just described 
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P COLUEb COMPLSMSMT ?tXAnOH TEST 

Glaird.are and Apparatus — 1 Pipets 

1 C.C graduated m 0 01 c c to tip 

See graduated m 0 10 c c 

10 c c. graduated m 0 50 c c 

An automatic pipct is highly recommended for rapid uorL and 
sa\ing of time for pipetting saline solution, complement, antigen and 
hcmo]>sin in the conduct of the tests 

2 Test tubes 85 by 15 mm (inside diameter) with rounded bot 
toms and no hps 

3 Cylinders glass stoppered, graduated (50 or 100 c c. capacity) 
to be used for measuring amounts over 50 c c 

4 Test tube racks gaKani^d wire racks carrying twelve rows 
of sue tubes each 

5 Water bath any cosily regulated water bath is suitable, or a 
simple galvanized pan carr>ing water to a depth of 8 cm can be used 
satisfactonly at 55* or 37* C 

6 Refrigerator any refrigerator maintammg a temperature of 6* 
to 8* C IS satisfactory 

Method oj CUansuig Clasruare — 1 All glassware should be chem 
ically dean and preferably stcnic To dean tubes and flasks, empty 
and nnse m running tap water, wash inside and outside in soapy 
water, nnse several times m nimung tap water and invert m wire 
baskets Dry m the hot air oven at about 160* C 

2 Pjpets should be placed after use in a jar or i^hnder of dean 
water with a pad of cotton m the bottom To clean pipets, nnse thor 
oughly m running tap water, place in a metal box or wire basket and 
stenlize in the oven 

3 Flasks should be plugged with cotton and sterilized in the oven 
for thirty minutes at 1^* C 

4 1/ glassware becomes doody^ immerse m hichromate deaosmg 
fluid (2 parts potassium bichromate, 3 parts commercial sulfunc aud, 
and 25 parts water) for twenty fourhoum Rinse thoroughly in running 
tap water and proceed with the wadiing as described 

Preparation of Saline Solution — ^Dissolve 8 5 Cm of dry, chemi 
caUy pure sodium chloride m iOOO c c of tap or distilled water (former 
preferred m most localities) If the salt has absorbed moisture it should 
be dried m the hot air oven for ten or fifteen minutes before weigh 
mg Filter solution through paper into a flask fitted with a gauze 
covered cotton stopper Stenhze by heatmg m an Arnold stenhzer 
for one hour before use (not essential if immediately used) 
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A satisfactory saline solution should not of itself be hemolytic 
when 1 or 2 drops of washed cotpusdes are added to 5 c c of the 
solution in a test tube followed by incubation m a water bath for 
one hour Neither should it be antihemolytic as determined by the 
hemolysm or complement titrations The antisheep hemolj sm should 
give a umt of at least 0 5 c,c of a 1 4000 dilution when titrated with 
0 3 c c. of 1 30 complement and 0 5 c c of a 2 per cent suspension 
of washed sheep corpuscles vnth incubation in a water bath for one 
hour It is possible that failure of hemolysis may be due to defective 
hemolysm or complement or to the use of corpuscles of increased 
resistance to serum hemolysis, but whenever these factors may be 
excluded it is likely that the solme solution is defective 

If diihculUes are experienced with sahne solution prepared with 
distilled water, use ordinary tap water If stdl unsatisfactory add 
0 1 Gm of magnesium sulfate to each 1000 c c (Kellogg) 

Preparalion of Sheep Corpuscles (jndteator Anttieu) — Sheep blood 
may be obtained at an abattoir or by bleeding a sheep from the 
external jugular vein In a dean (but not necessarily stenlc) quart 
sued hlason jar, place 30 c.c of a 10 per cent solution of so^um 
citrate in saline solution and 2 cc of formabn At the abattoir have 
the jar almost hlled with fresh blood (blood kept over m buckets 
IS unsatisfactory) screw on the top, mu well with the otrate formalin 
solution and keep m a refrigerator Ordinarily it is £t for use lor 
two to three weeks at least, but as soon as the corpusdes become too 
fragile a fresh supply should be secured Bocmer and Lukens 
advised keeping blood m the refrigerator for forty eight hours before 
using 

II preservation is not desired, glass beads alone may be placed in 
the jar, and after it is filled with blood, it should be thoroughly shaken 
to produce defibrination Blood collected m this manner will keep at 
low temperature (jar placed on a block of ice) for about a week If 
beef blood is used, it may be collected by either method 

Filter a small quantity of blood through cotton into a graduated 
centrifuge tube Allow twice as much blood as the amount of cells 
required Add two or three volumes of saline solution. Centnfuge 
at a moderate velocity until all the orpuscles are thrown down 
Remove the supernatant fiuid with a capUlaiy pipet or by suction 
Add three or four volumes of sahne solution, mix by inverting the 
tube and centnfuge again for the same length of time 

Repeat the process for a third tune but centnfuge twice as long 
as in the first washmg in order to pack the cells evenly and firmly 
Cells should be washed until the supernatant fluid is almost color 
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less Three washings are usually sufHaent (If more than four wash 
mgs are necessary, the cells are too fragile for use ) 

Read the \oluine of cells m the centrifuge tube, carefully remove 
the supernatant fluid and prepare a 2 per cent suspension by washing 
the corpuscles into a flask with forty nme volumes of saline solution 
Alu.ays shake hejore usmg to secure att tre/i suspeusioM, as the corpuscles 
settle to the bottom oj the jlask u.fien not tn use 

Preparation of Anttshcep Bemolysin — Give a rabbit five or six 
intravenous injections of 5 c c of a 10 per cent suspension of washed 
sheep corpuscles every bve da>s Bleed the rabbit seven to nine days 
after the last injection if a prelimmar) titration gives a imit of 0 5 
c c of 1 4000 dilution or hi^cr Separate the scrum (it need not be 
inactivated) and preserve wath an equal part of best grade neutral 
glj cenn Keep m a refrigerator 

Preporolton of Complement — ^Tbe pooled sera of at least three 
healthy guinea pigs should be used Select large, well nounshed 
jumnals that have not been fed for twelve hours, avoid pregnant 
animals 

Anesthclue the guinea pig lightly with ether or stun the animal 
mth one or two sharp blons on the head Sever the large blood vessels 
on both sides of the neck, being careful sot to cut the esophagus 
or trachea Collect the blood m a centrifuge tube by means of a large 
funnel Place the blood m an incubator at 38'* C for one hour, break 
up the clot, and centnfuge Separate the clear serum Keep %n the re- 
frigerator when not tit use 

If but a small amount of serum is required, 4 or 5 c c of blood 
may be obtamed from each guinea pig by bleeding from the heart 
with a 5 c c syrmge fitted with a short needle, gage 20 

Complement serum may be preserved for several weeks by adding 
0 3 Gm of chemically pure sodium cUonde to each cubic centimeter 
of serum Keep m a dark glass bottle at or near the freezing point 
To prepare for use, dilute 1 c c of serum with 29 c.c. of distilled water 
This gives a 1 30 dilution in 1 per cent salt solution As preserved 
complement loses first m fixability by syphilis antigen and antibody, 
It should not be kept for more than three or four weeks 

Lyophil Complement — The most satisfactory method lot preserv 
iDg complement is by evaporation m the frozen state tn vacuo by the 
method of Flosdorf and Mudd* It retains both hemolytic activity 
and fixability for eight to twelve months and has proved satisfactory 
It has the great advantage of being prepared of the pooled sera of 
a large number of guinea pigs with uniform hemolytic activity and 
I Jour tnunufloL 2P389 1935 
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flxability by antigen and antibody It may be obtained from Sharp 
and Dohme, Philadelphia, and is dispensed m vacules containing the 
equivalent of 5 c c of fresh serum They should be kept in a refnger 
ator until used By adding 5 c c of distilled water the material goes 
into immediate solution and is ready for use in the same manner as 
fresh serum Preservation by the cr^och&n process is also recom 
mended and more economical 

PreparaHon oj Atiligen — A cholcstcrolized and lecithimzed alco 
hohe extract of heart muscle is employed “Bacto Beef Heart” pre 
pared by the Digestive Perments Co of Detroit, is recommended 

1 Place 30 Gm of beef heart powder m a f ask with 100 c c of 
chemically pure acetone Stopper tightly Keep at room tempera 
ture for dve days wiUi brief shaking each day 

2 Filter through fat free paper or decant and discard the hltrate 

3 Dry the residue and extract with 100 c c of chemically pure 
absolute ethyl alcohol m a tightly stoppered Oask for five da>3 at 
room temperature, shaking each day 

4 niter through fat free paper with slight squeezing of the tissue 

5 Measure the filtrate and for each cubic centimeter add 0 002 
Gm of cholesterol Tlie total amount of cholesterol is dissolved in 
10 c c of ether and added to the alcoholic lillrate Shake thoroughly 
and place m a water bath at 55** C for one liour to aid solution 

6 Allow to stand at room temperaturo for two or three clays with 
brief shaking each day filter through fat free paper 

7 Keep the antigen at room tcmpcralure m a tightly stoppered 
bottle A new antigen of increased sensitiveness with practically no 
change m hemolytic or anUcoroplemcnlary activity may be pte 
pared in the same manner except that it is reinforced with acetone 
insoluble hpoids as follows 

( 0 ) Steps 1, 2, 3, and 4 as previously described 

(6) Save the first four ether extracts used in the preparation 0 / 
Kahn or Eagle antigens Concentrate to about a £flh of the volume 
in an evaporating dish and add three to six volumes of acetone Mtcr 
mixing and setting aside overnight, the supernatant acetone is re 
moved and the residue of acclone-insolubic lipoids kept m a 

ItfllgtTalCrl 

(c) Measure the alcoholic filtrate and for each cubic centimeter 
add 0 002 Gm of cholesterol Dissolve the cholesterol and 1 to 2 Gm 
of the aixtonc insoluble lipoid'i in 20 cc of ether and. add to the 
alcoholic extract in a lightly stoppered bottle or Cask 

(d) Shake thoroughly and place in a water bath at 55® C for ont 
hour to aid m the solution of the lipoids 
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(e) Allow to Stand at room temperature for two or three days with 
bnef shaking each day rdler through fat free paper 

(0 Keep at rooju temperature Do not disturb any sediment that 
may be present 

Preparation oj Sera — I All specimens arc lined up and properly 
labelled 

2 The sera are removed from tjic clots, with capillary pipets, to 
test tubes properly labeled Great care is required to prevent errors 
m labeling and confusion of sera Cach scrum should be free of cor 
puscles, otherwise, it is necessary to break up the dots wth iiooden 
appheators (one for each scrum) and centrifuging for dear serum 
blight tinging with hemoglobm does no harm Sera containing large 
amounts of hemoglobin are likely to be anticomplemcntary and un 
satisfactory for both complement fixation and precipitation tests 

3 It IS not necessary to remove the natural antishcep hemolysms 
by absorption with thoroughly uashed sheep corpuscles ^though this 
tends to increase Uic sensitiveness of complement fixation reactions 
and cspeaally in the case of sera contaimng small amounts of syph 
ills antibody Kolmcr recommended the routine removal of natural 
hemolysms when conditions permit m order to secure reactions of 
maxirnal sensitiveness, but when large numbers of sera require test 
mg this procedure may be omitted The method for removal of natural 
antisheep hemolysms from sera is as follows 

(a) To each is added a drop oJ abashed sheep corpuscle sediment for 
approximately each Zee of blood and serum as gaged by inspection 

(i) lach speamen is then thoroughly mixed with a wooden ap- 
pheator (one for each serum) 

(c) All are then placed m a refrigerator for fifteen minutes to enable 
the sheep corpuscles to absorb the hemolysins with none or but a 
mmimal and harmless amount of hemolysis 

(d) All speamens are now centn/uged and the sera separated into 
test tubes properly labelled 

4 The tubes of plain or absorbed sera are now placed m a water 
bath at 55° C for ^teen to twenty minutes when ^ey are ready for 
testing 

Preparalton of Spinal Fluids — These are usually tested without 
any prebminary preparation as they do not contain enough natural 
antisheep hemolysm to require removal or enough complement to 
require inactivation by heating at 55° C 11 a specimen contains con 
siderable blood which has not had time to settle out, it should be 
centrifuged Otherwise, no preparation is required as spinal fluids are 
tested as delivered without prehmmary heatmg unless they are more 
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than three days old in which case they may be heated at 55* C for 
fifteen mmutes to remove Ihermolabile anticomplementary sub 
stances As a general rule however, spinal fiuids are not anticomple 
menlaiy unless heavily contaminaUd with bactena (cloudy) 

Ttlrahon oj Uemol’^nn — It is advisable (but not absolutely neces- 
sary) to make this titration each tune the complement fixation test 
IS conducted 

Prepare a stock dilution of 1 100 hemolysm as foUoivs 
Glycennued hemolysza (SO per ant) 2 0 cc 

Saline solution 940 

Phenol (5 per cent in saline solution) 4 0 


This may be kept m the re/ngcralor for several iieeks 
For titration, dilute to 1 1000 (0 S c c of 1 100 -h 4 5 c.c. saline 
solution) 

In a senes of 10 tubes prepare higher dilutions as follows 
No 1 0 S ce bemolysin (1 1 000) > 1 1 000 
No 2 OScc heooh'va (i lOOO) -(-04cc aaline solution UOOO 
No 3 03 c.e hemolynn (1 1 000) -f 10cx.saUne soluuoa » IJOOO 
No 4 0 3 0 c hefflolysia (1 1 000} -f- 14 c £■ saline solut on * 1 4 000 
No 5 04«.c betnolystn (t tOOO) 4-lOcc. uluiesolQUoa ~ 14000 
No 6 0 3 ce beffioh'stn (1 4 000) + 04 cc sabne solution **1-0 000 
No 7 04 c4< heaolyun (t 4000) -j- OScc s^inesoluuon « 14000 
No 8. 0 3 e c hemolysm (14000) -h Ooce saline soluUon >• 1 10 000 
No 9 04cc hemolysm (1 6000) OScc sahoe solulion 1 12 000 
No to OSc«.bemolyvm(t4000)4-04ccsalmesotuuon 146000 

hits the contents of each tube thoroughly 
Prepare a 1 30 dilution of complement for hemolysin and com 
plement titration by dilutmg 0 2 c.c. of complement scrum with 5 8 
c c of sabne solution 


Prepare a 2 per cent suspension of sheep corpuscles 
In a senes of ten tubes set up the hemolysin titration as shown m 
the following table 


Tube. 

Eeaolriui, OJ C.C 

CuaplBsettt 
(1 30) 

SeJiae lolallgs ex. 

CoipUKlct, cx- 

1 

1 1000 

OJ 

1 7 


2 

1 2flOO 

04 

1 7 

04 

3 

t 3 000 

OJ 



4 

1 4000 

OJ 

17 


S 

1 5000 

Q3 

17 


6 

1 6,000 

OJ 

17 

04 


1 8,000 

OJ 

17 

04 

8 

1 10000 

OJ 



9 

1 12 000 

OJ 

17 


10 

1 I600Q 

QJ 

1 7 

04 
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£Iix the contents of each tube and incubate m the iv'ater bath 
at 38“ C for one hour Read the unit of hemolysin The untl is Ihe 
highest dilution of hemolyssn that gives complete hemolysis 

T\so units are used in the titration of complement and antigen 
and m the complement fixation tests Hemolysis is so diluted that 0 5 
cc. contains tv.o units For example, if the unit equals 0 5 cc of 
1 6000, two units equal 0 5 cc of 1 3000 Dilute just enough hemol 
ysm for the complement titration and the complement fixation tests 
Keep hemolysin and corpuscles tn suspension in the refrigerator ichen 
not m use 

The following table shoivs how the dilutions are made so that 
0 5 c c carriM t^o units 


1 Bsit OJ &C. «( 

2 uaiU iioul4 be OS cc. 
ct 

Ttcputii by dJiillfiX 1 CA ol Ueeb l 100 Mlutlott vitS 
taKumli el ulise uluUoo. 

1 iooo 

i 5QQ 

4C.C. 

1 2JXX} 

1 1000 

9ce. 

t 3000 

1 1300 

14 ce. 

1 4000 

1 2000 

19 cc. 

1 3000 

1 2300 

24 cc 

1 6000 

i 3000 1 

29 cc 

1 8 000 

1 4000 ' 

39 cc 

1 10000 

1 SOOO ' 

49 cc 


High titer hemolysm is recommended and the umt should be 
0 5 c c of 1 4000 or higher 

In practice the hemolysin titration may be placed m the water 
bath at the same time as the complement titration, at the end of the 
first incubation of the complement titration the unit of hemolysm is 
available and ti\o units added to all tubes of the complement titration, 
and so forth 

Complement Tiirotwn — For the complement titration use I JO dilu 
Jjon oS corofieniest prepared as preyiousiy desenbed JDjlule- ojshitja 
so that the dose employed tn the tnoiit tests ts contained in OJ c c This 
dilution IS made by placing the required amount of sahne solution 
tn a flask and adding antigen drop by drop Shake the flask after 
each addition of antigen Prepare enough antigen dilution for the 
complement titration and the complement fixation tests 

In a senes of ten test tube set up the complement titrations arc 
as foUons 

The smallest amount of complement just gi\mg complete spaiUing 
hemolysis is the exact uml The next higher tube is the full unit which 
contams 0 05 c c more complunent In conducting the antigen titra 
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Tube. 

ComplenifBL 
e.e.<l «J 

/MXtD. 

S*|1m 

■OlvalOB CA 


nempIjnlD 
c c (2 udjU) 

C«rpuKl«s, 
ex. <2 per 
cent) 


1 

Ot 

0^ 

14 

g 

0,5 

05 


2 

015 

05 

14 

9 

05 

05 


3 

02 

05 

U 

A 

04 

04 


4 

0 25 

05 

13 

u 

04 

04 

o 

S 

OJ 

05 

12 

u 

04 

05 

lI: 

6 

0_55 

05 

12 

3 

OS 

05 


7 

04 

05 

11 


04 

04 


B 

OiS 

0^ 

11 


05 

05 


9 

05 

OS 

10 


05 

05 


10 

None 

hone 

2S 


hone 

05 



tion and complement fixation tests, tuo full units are employed and so 
diluted as to be contained mice as m the foUovv'ing example 

Cxsctuftit 03 cc. 

Full unit 035cc 
Dos« ((mto full units) 0 7c.c. 

To calculate the dilution to employ so that 1 c c contains the 
dose of tno full units, divide 30 by the dose 

^ = 43 or 1 c c of 1 43 dilution of serum 


The following table gives additional examples 


Exuliuii, 


Twa luU luuu, ex. 


Tiei«tiUa. 

02 

0 25 

05 

1 60 

1 c c. {erum -4* p9 C.& uline sol 

025 

04 

06 

1 pO 

1 c c. serum + 49 tc. »l>ne sol 

04 

045 

07 

1 43 

1 c c. serum 4- 42 c c. saline sol 

04S 

04 

0$ 

1 47 

1 c c. serum + o6 cc saline «ol 

04 

0 45 

09 

J 33 

1 c c. serum -j* 4^ ^c. salme soL 

0 45 

04 

10 

1 40 

Ice serum + 29 cc saline soL 

04 

OSS 

I 1 

1 27 

1 cc serum -h 26 cc saline sol 


If, however, tlie complement is unusually sensitive to the anti 
complementary eflecls of antigen and scrum in the conduct of the 
complement fixation tests, as is sometimes the case during the hot 
summer months, two and one half exact units may be emplojed and 
so diluted that 1 c c contains tins dose CxampIe 

Exact unit 0 35 c c 
2^ units 0 88cc 
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To calculate the dilution to use so that 1 cc contains the dose, 
divide 30 by the dose: 

= 34 or 1 c c of 1‘34 dilution of serum 


The following table contains additional examples: 


t}mt,cx. 

2HuiuU,cc. 

DiluUaik Muse. 

Pieperanott. 

02 

OJ 

2 60 

1 CC senun + 59 cc sahoe solution 

0J5 

0<S3 

1-4? 

2 cc scrum 46 e c uluie soluoon 

OJ 

ors 

1*40 

t cc serum 4- 39 cc saline soluiion 

O^S 

QS8 

1 34 

1 cc serum + 33 cc saline soluUon 

04 

10 

1 30 

1 cc scrum + 29 cc saline solution 

045 

113 

1:27 

1 cc serum + 26 cc saline solution 

OJ 

125 

1 24 

1 cc serum + 23 cc saline solutioa 


Jt ts alijays advhabU lo dtlitie complement serum urtlh cold saline 
solution instead of vAlh saline solution kept at room temperature. Un 
diluted and especially diluted complement scrum should always be kept 
i» a refrigerator when not tn use Exposure of diluted complement to 
room temperature for more than an hour may result in some deteri 
oration. 

Occasionally, hyperactive complement yields a unit of 0.1 to 0 25 
c c. of 1 30 but when this occurs It is necessary arbitrarily to take 
0 3 c c. as the exact unit as less complement falls below the absolute 
minimum and is likely to be unsatisfactory. 

Titration of Antigen . — It is not necessary to titrate for hemolytic 
and anticomplementaiy units as hitherto advised, because titrations 
of more than 280 antigens by Kolmcr during the past fourteen years 
have never shown any to be hemolytic in 0 5 c c. of 1 4 and the an- 
ticomplementary units have been uniformly from 0 5 c c of 1 6 to 
not hi^er than 1:10. Therefore, these titrations may be omitted 
providing the antigen is prepared by either of the methods described 
It is, however, necessary to titrate for antigenic activity and the fob 
loiving method of Boemer and Lukens Is recommended. 

1. Prepare a 1 80 dilution of antigen by adding 0 1 c c. of antigen, 
drop by drop with shaking between each, to 7 9 c c. of saline solution 
m a large test tube or small flask. Higher dilutions are then prepared 
as follows: 

4 cc oC 1.80 -h 4 cc saline solution => 1 160 
4 cc. of 1 160 + 4 c c. saline solutioa = 1 .320 
4 cc ol U20 4 - 4 cc. saline solution > 1:610 
■^cx. of 1 .640 + 4 cc saline solution » 1 12S0 
4.CC of 1 12£0 4- 4 cc saline soluuoo 1,2800 
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2 Arrange live roi\3 o£ test tubes with six m each row In the 
first tube of each row place 05 cc of antigen 1 80, to the second 
tube of each row, 0 5 c c of antigen 1 1^, to the third tube, 0 5 c c 
of 1 320, to the/oiirl/i, 0 5 cc of 1 640, to the fijth 0 5 cc of 1 1280 
and to tlie sixth 0 5 c c. of 1 2560 

3 Heat 3 c c of a moderately to strongly positive syphilitic serum 
in a v.atcr bath at 55® C for fifteen to twenty minutes end prepare 
five dilutions in large test tubes as follows 

1 0 C.C. serum 4 - c c. salme soluUon *>15 (0^ ex c&mes 0 1 c.c. stium) 

0 5 c c. serum + 4 5 c c saline solution » 1 10 (0^ c c. ciunes 0 05 c.e. serum) 

0 5 cc. scrum + 9.5 c e salme solution = t 20 {0 S cc cumcs 0 025 cc 5cnlm^ 

2 0 cc serum IJO + 20 cc saLnesoIuUoo = 1 40 (0 5 cc carries 0 0125 cc serum) 

1 0 c c serum 1-20 + 4 0 c c salme solution « 1 100 (OJ cc carries 0 005 c c serum) 

4 Add 0 5 c c of 1 5 dilution to each of the six tubes of the first 
row, 0 5 c c of 1 10 to each lube of the second row, 0 5 c c of 1 20 
to each tube of the third tow, 0 S c.c of I 40 to each tube of the fourth 
row and 0 5 c c of 1 100 to each tube of the fifth row 

5 Add 1 c c of complement dilution carrying two full units to 
all tubes 

6 Put up a scr««f ccntrol carrying 0 S c c of I 15 serum and 1 c c 
of complement (two and one half umts), also a hemot^lic system 
control carrying 1 c c o! salme solution and 1 c c of complement 
(two full units) 

7 Shake the tubes gently and place m refngerator at 6® to 8® C 
for fifteen to eighteen hours, followed by incubation m a water bath 
at 37° C for ten mmutes 

8 Add 0 5 c c of hemolysin (two vmils) and 0 5 c c of 2 per cent 
suspension corpuscles to all tubes 

9 Mix thoroughly and place in a water bath at 37“ C for one 
hour, make readings The serum and hemolytic system controls should 
show complete hemoljsis 

10 Chart the residts according to the following example observed 
with a strongly positive scrum 


Sfniin to as cx. 1 

j ApU(«a In aaouQU. 


\ wo. 


1 UD ^ 

1 

iKta 

0005 

- 

_ 





0 0125 1 

— 


++++ : 

++++ 

++ 

+ 

0025 1 

+ i 

++++ 

++++ , 

++++ 

++++ 


QOS 1 

+++ 

++++• 

++++ 1 


++++ 


01 

++++ 1 

++++ 

++++ 1 

++++ 

++++ 

' +++ 







SERODIAGXOSITC TESTS TOR SYROILIS 


745 


11 The dose of antigen to employ in the main tests is the largest 
amoxint gvsxng a ++++ reaction with the sviallesl amount of serum 
If three dilutions of antigen ^ve 4-++4- reactions with the smallest 
amount of serum, the dose to use should be midway between the 
highest and louest 

Choice of Comphnient-fixation Methods — Two methods are avail 
able One, the quanlilatize test, emploj'S five doses of serum or spmal 
fluid and is generally preferred, especially m testing the sera in cases 
of syphihs m which the patients ate undergoing treatment, in order 
to secure serologic evidence of improvement The second method desig 
Dated as the qualttaUze test, uses two doses of serum, 0 2 and 0 1 c c., 
with an additional third tube as a control (0 2 c c ) It is suffiaent 
for diagnostic purposes as well as bemg more economical of materials 
and lime required Both are of equal sensitiveness and specificity 

The Quanlttative Complemenl-Jixation Test — 1 For each serum 

(a) Arrange six test tubes and place in them the following amounts 
of sahne solution m the respective tubes 0 9, 0 5, 0 5, 0 5, 2, and 
05 cc 

(6) To tube 1, add 0 6 c c of mactivated serum hlix by drawing 
up m the pipet several tunes and transfer 0 5 c c to tube 2 and 0 5 
C.C to tube 6 (serum control) 

(r) jMix the contents of tube 2 and transfer 0 5 c c to tube 3 

{<0 Mix contents of tube 3 and transfer 0 S c c to tube 4 

(e) Aiix contents of tube 4 and transfer 0 5 c c to tube 5, mix 
contents of tube 5 and discard 2 c.c 

This leaves 0 5 c c m each of Uie firat five tubes carrymg the fol- 
lowing amounts of serum, 0 2, 0 1, 005, 0 025, and 0 005 c c., tube 6 
(serum control) cames 1 or 0 2 c c of serum smee it receives no antigen 
and thereby makes the total volume m all tubes the some when the 
test is finished 

2 For each spinal find 

(n) Arrange six tubes and place 0 5 c c sahne scJution in tubes 
2, 3, 4, 5, and 6 

(b) In tubes 1, 2, and 6 place 0 5 c.c of spmal flmd Mix contents 
of tube 2 and transfer 0 5 c c. to tube 3 Mix contents of tube 3 and 
transfer 0 S c c to tube 4 Mix contents of tube 4 and transfer 0 5 c.c 
to tube 5 Mix contents of tube 5 and discard 0 5 c c 

(c) Tubes 1 to 5 now contam 0 5 c c , carrymg 0 5, 0 25, 0 I2S, 

0 0625, and 0 03125 c c of spinal fluid Tube 6 (control) contams 

1 c c carrying 0 5 c c of spmal flmd 

3 To the first fiVe tubes of each set of tubes of serum or spmal 
fluid add 0 5 c c of diluted antigen carrymg the proper dose 
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•t Alter aa interval of ten to thirty minutes, add 1 cc coraple 
ment (two full xmits) to each tube 

5 Include the following controls 

Antigen control containing 05 cc of diluted antigen, 05 cc- of 
s^me solution and 1 c c of diluted complement (two full units) 

Hemolytic system control contawmg I cc of saline solution and 
1 c c of diluted complement 

Corpuscle control containing 2 5 c c of saline solution 

Positive and negative serum controls should be mduded 

6 Mix the contents ol each tube by gently shading and place 
tubes in the refrigerator at 6* to 8* C for fifteen to eighteen hours 

7 Place tubes in the -watfic bath at 37® C for ten to fifteen minutes 
(not longer) 

8 To aU tubes, except the corpuscle control, add 0 5 c c of hem 
olysm (carrying two units) and to all tubes add 0 5 c c of 2 per cent 
corpuscle suspension (shaken up) 

9 Mix the contents of each tube by gently shaking and place in 
Uxe water hath at 37® C foe one hout> when the readings are made 
More sensUue readings may be made ten minutes after the antigen, 
hemolytic system and serum controls show complete hemolysis, and this 
lime of reading is preferred 

10 The following table shows the set up for the quantitative 
complement fixation lest wlb serum 


Tuba. 

riUialiMTum InOJtc. 
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a 

$ 

Com^s* 

"■o S 

".o’ 
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• D e-t. 
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e-c s&line soluUoo. 

None 


None 


None 

OS 



11 After the secondary incubation the readings may be made at 
once or after the tubes have been placed m the refrigerator for several 
hours to permit the settUng of nonbemolyzed corpuscles Read the 
degree of inhibition of hemolysis and record for each tube as — 
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(complete bemolysjs), + (25 per cent inhibition recorded as 1), 4-+ 
(50 per cent inhibition recorded as 2), + ++ (75 per cent lohibi 
tion recorded as 3), 4-+ + -}- (100 per cent inhibition recorded as 4) 
AU serum, antigen and hemolytic controls should show complete hem 
olysis The corpuscle control should show no hemolysis 

12 Reactions may be interpreted as follows 

(a) Very jirongly pouhve when compleie fixalu>n (4-4-4-+) occurs 
m the third, fourth or fifth tubes Examples 44444, 4444— , 4442— , 
444 ,344 

(р) Strongly postire when complete jixaUon (++++) occurs in 

the second tube Examples 4431 — ,442 ,342 ,44 

(с) Moderately postltve when complete Jixatton (++++) occurs m 

thefirsttube Examples 431 ,42 ,4— — 

(d) Weakly posttne when partial fixation occurs m one or more 

tubes Examples 321 ,21 ,1 

(e) Douhifully positive when the reacbon is * in the first tube 

Example * 

(0 ^^fgotive when there is complete hemolysis m all tubes Ex 
ample— — — 

The method of recording and reporting the results of complement 
fixation tests by this method is according to the following examples 


Quantitati\e reacbon 
Serum 0 2 c c 
Serum 0 1 c c 
Serum 0 05 c.c. 

Serum 0 025 c c. 

Serum 0 005 c c. 

Serum 0 2 c c (control) 


“ strongly positive (442 — ) 

- +++++ 

« ++++ 

« ++ 


Quantitative reacbon 
Spinal iluid 0 5 c c. 
Spinal fluid 0 25 c.c. 
Spinal fluid 0 125 c.c 
Spinal fiuid 0 0525 c c 
Spinal fluid 0 03125 c c 
Spinal fluid 0 5 (control) 


= strongly posibve (42 ) 

= ++++ 

= ++ 


The American Committee on Evaluabon of Serodiagnostic Tests 
for Syphilis has recommended reporting reacbons only as posibve 
doubtful or negative 
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Thi Quahtahve CampUrnct^^vahan Test — 1 lliis test is con 
ducted m exactly the same manner as described for the quantitative 
test except that three doses of serum (0 2 and 0 1 c-c wth 0 2 c.c 
m the serum control) are employed ^\lth sptnaljluid a single dose of 
0 5 c c ID the control is employed 

2 For each serum arrange three test tubes and place in them the 
following amounts of saline dilution m the respective tubes 0 9, 0 5, 
and 0 S c c 

To tube 1 add 0 6 c c of inactivated serum Mix by drawing 
up m the pjpet several times and transfer 0 5 c c to tube 2 and 0 5 
c c to tube 3 (serum control) 

Mix the contents of tube 2 and discard 0 5 c.c 

This leaves 0 5 c c m each of the first two tubes carrying 0 2 and 

0 1 c c of serum respectively Tube 3 contains 1 c c (0 2 c c- of serum) 
smee it receives no antigen, this mal^ the total volume m all tubes 
the same when the test is firushed 

3 For each spinal ftusd arrange two tubes and place 0 5 c.c of 
the fluid m each The first tube receives antigen, the second docs not 
and IS the control To tube 2 add 0 5 c c of sahne solution 

4 Place 0 S c c of proper dilution of antigen m tubes 1 and 2 of 
each serum and in tube I of each spinal fluid, also, m control tube 
carrying 0 3 c c of saline solution (antigen control) 

5 Allow tubes to stand ten to thirty minutes Then add two full 
units of complement (1 c c ) to each tube, also to a control carrymg 

1 c c. sahne solution (hemolytic system control) 

6 Put up coipusde control 2 5 c c of sahne solution 

7 Mix contents of tubes gently and place tubes m a refngerator 
at 6® to 8° C for fifteen to eighteen hours Keep hemolysm and cor 
puscle suspension in refrigerator 

8 Place tubes m water bath at 37“ C for ten to fifteen mmutes 
(not longer) 

9 To aU tubes except corpuscle control add two units of hemolysm 

10 To all tubes add 0 5 c c irf 2 per cent coipusde suspension 
(shaken up) 

11 Mix and place tubes id vrater bath for one hour, when the 
readings are made, or place the tubes la a refngerator for an hour or 
two before makmg the readings More sensitive readings may be made 
ten minutes after the antigen hemiAyttc systems and serum controls show 
complete hemolysis, this method of reading »s preferred 

12 The serum hemolytic system and antigen controU should be 
completely hemolyzed, the corpuscle control should show no hem 
olysis 
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13 Read and record the serum tests as follows 

(a) Stronily posiivue complete fixation (-f+d--!*) in first or second 
tube Examples 44,43,34 

(b) Moderately posiltoe complete fixation (H — ! — I — h) m first tube 
only Examples 42,41 

(t) WeaUy positive, partial fixation in one or both tubes Ex 
amples 31, 21, 3—, 2—, 1 — 

(d) Doublfidly postltve ^ m first tube Example * — 

(e) N'egahve complete hemolysis m both tubes 

14 Read and record the spinal fluid tests as foUons according to 
first tube 

++ + +*= Strongly positive 
+++ — Moderately positive 

++ or 4- == Weakly positive 

=*s =» Doubtfully positive 
— ss Negative 

The American Committee on Evaluation of Serodiagnostic Tests 
for Syphilis has recommended reporting reactions only as positive, 
doubtful, or negative 

Modified Technic for Small Amounts of Serum and 5^inal Fluid — 
It sometimes occurs that a suffiaent amount of serum or spinal fluid 
IS not available for conducting the quantitative test In such cases 
the test can be conducted m exactly the same manner as described, 
by using half of the usual amount oj all reagents The hemolysin and 
complement are not titrated separately for this test as the same 
dilutions are employed in half the amounts The same antigen dilu 
tion IS also used but m half the amount 

1 For each serum 

(a) Arrange 6 test tubes and place the following respective amounts 
of saline solution m the tubes 1 2, 0 5, 0 5, 0 5, 2, and 0 25 c c 

(5) To Tube 1 add 0 3 c c of inactivated serum Mix contents 
by drawing up in the pipet several tunes and transfer 0 5 c c to Tube 
2 and 0 5 c c to Tube 6 (serum control) 

(c) Mix contents of Tube 2 and transfer 0 5 c c to Tube 3 

(d) Mix contents of Tube 3 and transfer 0 5 c c. to Tube 4 

(c) Mix contents of Tube 4 and transfer 0 5 c c to Tube 5, mix 
contents of this tube and discard 2 c.c. 

This leaves 0 5 c c m each of the 5 tubes, carrying exactly half 
of the amounts of serum recommended for the regular test, namely, 

0 1, 0 05, 0 025, 0 0125, and 0 0025 c c , Tube 6 (control) cames 0 I 
c c of serum 
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2 For each jlvxd 

(а) Arrange 6 test tubes and place the following amounts of saline 
solution m the rcspecti\c tubes 0 75, 0 5, 0 5, 0 5, 0 5, and 0 25 c c 

(б) To Tube 1 add 0 75 c c. ot spinal fluid Mix the contents and 
transfer 0 S c c to Tube 2 and 0 5 c c to Tube <5 

(c) Mix contents of Tube 2 and transfer 0 5 c c to Tube 3 

(<f) Mix contents of Tube 3 and transfer 0 5 c c to Tube 4 

(«) Mix contents of Tube 4 and transfer 0 5 c.c to Tube 5 

(0 Mix contents of Tube 5 and discard 0 5 c c 

Tlus leaves 0 5 c c m each of the S tubes, carrying exactly half 
the amounts of spmal fluid recommended m the regular test, namely 
0 25, 0 125, 0 0625, 0 0312, and 0 0156 c c 

3 Proceed as directed on page 745, for the quantitative test, 
using exactly half the amount of each reagent Start ivith Step 3 

4 Peadmgs are reported m the same manner as dcsaibcd for the 
regular test 

5 A quahtaUie test may be conducted by placing 0 I, 005, and 
Dice (control) of serum in cadi o! 3 test tubes With spmal fluid 
place 0 25 c c lo each of 2 tubes fthc second being the control) Add 
sufBaent sahne solution to make the total volume 0 5 c c in each 
tube of the test, with 0 75 c c m the control 

6 Proceed as directed for the qualitative test, using exactly half 
the amount of each reagent Start with Step 4 

7 Headings are reported m the same manner as described for the 
regular test 

Analysts of DtJJiculUes — Defectue Complement — In the great 
raa 30 nty of instances difficulties arc due to complement supersen 
sitive to the anticomplcmentary efTects of antigen serum, or both 
This is espeaally likely to occur during the hot months of the year 
Sometimes complement may be defective m hemolytic activity and 
whenever the unit is higher than 05 cc of 1 30 dilution it should 
not be used But sometimes the complement is satisfactory from this 
standpoint but yet defective m the tests because supersensitive to 
antigen and prone to give prezonc reactions With negative or normal 

sera the reactions are likely lo be —12 or —1244 with perfect 

serum controls Smee 2J units of complement have been used instead 
of 2 full umts as ongmally advised, this dilliculty has been greatly 
reduced Furthermore, under these conditions lyopbil or cijochem 
complement is recommended since the complement is a mixture of 
the sera of a large number of guinea pi^ and may be prepared during 
the cold months of the year When fre^ serum is used it is important 
to prepare it from several full 'vowtt, healthy and previously unused 
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guinea pigs As a general rule, tlie trouble vs first thought to be due 
to defective hemolysin but, since this reagent keeps very well it is 
seldom responsible 

Giordano and Carlson^ reported that the serum of some guinea 
pigs contains a substance which iwcs complement in the presence of 
antigen at refngerator temperature This substance is thermostable 
and does not react at 37® C Since this substance will not be detected 
m the daily titrations, they suggested that each gumca pig serum em 
plo> ed as complement be subjected to a prehminary test for this factor 

Defectue Sahiie Soltilton — When trouble is experienced with the 
hcmoljtic system when first using these methods it is likely that 
the saline solution is at fault If it has been prepared with distilled 
uater, try a saline solution prepared by dissolving 8 S Gm of chem 
ically pure sodium chlondc m 1000 cc of ordinary tap nater, it is 
sometimes advantageous to add 0 1 Gm of magnesium sulfate If, 
however, trouble is experienced after a saline solution has been pre 
viously used with success it is unlikely to be the cause Compressed 
tablets of salt should not be used 

DcfccHve Umol)sitt —This ts probably least hkdy to be a cause 
of trouble although usually first suspected, espcaally if the hemolysin 
has been previously used with success The umt of antishcep hemol 
ysin should be at least 0 5 c c of 1 4(KX) and sera of this and higher 
strengths arc so easy to prepare that it is a mistake to use weaker 
products If the saline solution and complement are satisfactory, a 
good hemolysin is rarely responsible even when shipped over long 
distances 

Dejeclite Corpusclu — \Vhen blood is obtained from an abattoir 
one IS almost sure sooner or later to encounter the corpuscles of occa 
sional animals possessing t/icreascd resutance to serum hemolysis 
The cause of this phenomenon is unknown, fortunately it is rare 
The remedy is to iscard the corpuscles and secure a fresh supply 
of blood 

Anttcomplcmeixiary Anhgen — Providing no mistakes have oc 
curred m dilution and dosage, this is very rarely a cause of trouble 
When the antigen control shows incomplete hemolysis it is almost 
surely due to some component of the hemolytic system, espeaally 
the complement 

Anticomplementary Sera — Sera and spmal fluids may be found to 
be anticomplemcntary, as shown by incomplete hemolysis of the serum 

* Giordano A and GuUon, Bonita Ocnunence of a Von*speafic Substance in 
Guinea p g Senim Tued by Anugen m Uw Wassennann Test, Ainer Jour Clm Path 
9 130-135 (Mar) 1939 
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controb After CTpenence has been gained some of these reactions 
may be safely read, but as a general rule, it is safer and wiser to repeat 
the tests wUi fresh serum, espcaally in the case of those techniaans 
lacking expenence m complement fiction work It is infinitely better 
to repeat the tests than to run the slightest chances of error, espe 
aally the regrettable and almost unpardonable error of rendenng a 
fabely positive report Sometimes the majority of sera of a day’s 
uork show incomplete hemoljsis of the serum controb, but this 
trouble is not due to anUcomplementaiy effects on their part but 
rather to the use of a defective superscnsitive complement Under 
these conditions the tests must be repeated and for this reason the 
unused portions of all sera should be routinely kept m a reJrtgcraUir 
until the tests are completed, in case repclUtons are required 

Modified Sachs’ Method for Anticomplemenlary Sera — Sachs has 
described a very useful rae^od for testing anticomplementary sera 
Sera very deeply tinged with hemoglobin dp not respond quite as 
well to this method Sera of rabbits and dogs and the sera of other 
of the louer animob may be treated in the same manner since it 
Ukeuise removes the anticomplemcnlaiy substances from most of 
these, but not the substances responsible for the nonspecific complc 
meat fixation reactioas sometimes y leldcd by the normal sera of 
rabbits dogs, and mules The method has not been apphed to spinal 
fluids 

1 Heat 0 5 c c of serum at 55* C for fifteen minutes 

2 Add 4 1 C.C of accurately titrated N/500 hydrochloric aad 
and mix 

3 After the tube has stood one half hour at room temperature, 
centrifuge thoroughly and discard the sedunent 

4 To the supernatant fluid add 0 4 c c of 10 per cent solution of 
sodium chlonde The acid is fixed by the preapitate of globuhn , hence, 
neutralization is unnecessary 

5 This gives a 1 10 dilution of original serum ready for testing 

6 Arrange 2 rows of 5 test lubes (the rear row arc serum controls 
and receive no antigen) 

7 Place 1 c c. of nonnal salmc solution in Tubes 3 and 4 and 2 
c c XQ Tube 5 oi the first row, place 0 5 c c m each of the 5 tubes of 
the second row 

8 Place I c c of serum diluted I 10 in the first and third tubes 
of the first row and 0 5 c c in the second tube Mix the contents of 
Tube 3 and transfer 1 c c to Tube 4 and 0 5 c c to Tube 3 of the 
second row Mix the contents of Tube 4, transfer 0 5 c c to Ifibe 5, 
0 5 c c to Tube 4 of second tow and discard 0 J Mix the con 
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tents of Tube 5, transfer 0 5 c c to Tube S of the rear row and discard 
1 5 cc 

9 Place 1 c c of serum diluted 1 10 m Tube 1 and 0 5 c c in 
Tube 2 of the second row 

10 Add antigen (0 5 c c of proper dilution as used in the regular 
test) to each tube of the front row Allow to stand at room tempera 
ture for ten to thirty minutes when 2 full units of complement are 
added to all tubes of both rows and the balance of the test rs com 
pleted m the usual manner 

11 The tubes of the front and rear rows carry 0 1, 0 05, 0 025, 
0 0125, and 0 0025 c c of serum respectively 

12 Upon completion of the test all of the tubes of the second 
row should show complete hemolisis However, the first tube carry 
ing 0 1 c c , and sometimes the second carrying 0 05 c c of serum 
may not show complete hcmol>sis With negative sera the correspond 
mg front tubes show the same degree of inhibition of hemolysis and 
under these conditions a negative report may be rendered With 
positive sera inhibition of hemolysis is much more marked m the 
tubes of the front row It is advisable to report the reactions as post 
Uve, doubtful, or negativ e 

Preoetilwn oj Notisputfic and Prt^one Reoclmxs — Kolmex' recom 
mended that egg albumin osmplemcnt mixtures be used routinely 
m both the simphiled and quantitative Kolmer tests wath spmal 
fluid to prevent nonspeafic and prezonc reactions He also recom 
mended that, if quantitative Kolmcr tests with nonsyphihtic serums 
give nonspecific reactions, the egg albumin complement mixture be 
used 

Carefully separate the white from the yolk of an egg Make a 10 
per cent solution of egg albumin m stenie salt solution Measure the 
amount of egg albumin and beat it before adding to the salt solution 
Use this 10 per cent solution of egg albumm instead of plam saline 
solution in pnrpanng the 1 30 dilution of complsincDt ior the pre 
Imunary titration Also use this same albumin solution in making 
the dilution of complement to contain two full umts 

IV MISCELLAHEOnS SEROLOGIC TESTS 
A. AtnoasMOLTSis 

In paroxysmal hemoglobinuria there is destruction of erythrocytes, 
which results m hemoglobmemia and m the excretion of hemoglobm m the 

» Kolmer J A. The Prevention of Noa-spcafic and Prezone React ons ja the Waj- 
senaaan Test w th Sera and Sp nal ITiude by tbe Add tioa of Egs ^bumm to the Cosple 
meat, Amer Jour Qin Path. JJ 402-4JJ (May) 1941 
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iirme This reaction occurs when the patient becomes chilled Rosenbach 
has demonstrated that the phenomena of a typical paroxj-sm of the disease 
may be produced by placing the patient’s hands or feet in ice water Donath 
and Landsteiner demonstrated m \itro that the hemolysis is caused appar 
ently by an autobemolysm which is thcrmolabde and niU not act at body 
tempesatute, but which is often \ery active at a temperature abghtly 
above 0® C AlacKenzie' has review^ the literature and reported his 
studies, m which he employed a simple technic for the demonstration of 
the presence of this unusual substance in the blood scrum As a rule, but 
not always, the patient’s serum may disclose a strongly positive Wasser 
mann reaction MacKenaie has demonstrated, however, that the comple 
raent fixing syphihtic body is entirely mdependent of the autobemolysm, 
which may al^ be an isohemolysm if it acts on erythrocytes from the 
blood of another individual, but of the same blood group 

Bonath'Landstemer Test (KlacKettzte Method) — Withdraw blood 
by venipuncture from the patient’s arm Place a portion of the blood m 
a tube which contains a solution of sodium citrate Place the rest m^a 
dean dry tube allow it to clot, centnfugalize, and remove the serum 
immediately (The lysin deteriorates rapidly and it therefore is advisable 
to set up the test as promptly as possible) Centnfugalise the ciliated 
blood and wash three limes with 085 per cent soluuon of sodium chloride, 
and male a 5 per cent suspension of erythrocytes in physiologic salmc 
solution Prepare also as complement a 1 10 dilution of fresh guinea pig 
serum Set up the test in small tubes as follows 


Double these quantities may be used Set up a control which consists of 
serum and a suspension of erythrocytes from a normal patient Also set 
up a test for isohemolysm, usmg the patient’s serum and a suspension of 
erythrocytes from ano^er individual of the same blood group 

Plunge the tubes into melting ice for ten mmutes and then meubale for 
two hours in a water balli of 37® C Complete hemolysis of the patient’s 
erythrocytes m his own serum will occur in a strongly positive test 

Marchiafava Micheli Syndrome Test. — Ham andHorack? described the 
follow mg technic for demonstratmg the tendency to hemolysis of the 
corpuscles of patients with chronic hemolytic anemia and paroxysmal noc 
tumal hemoglobmuna Dcfibrmalc 10 c C of the patient s blood, and as a 

^MacKenze G M ObsenalKKis <si J^iozysmal Hcsioglobuiuna, Jour Oifl 
InvesUgaUon, 7 27-43 1929 

* H am, G C , and Horack, H if Qiwune Hemolytic Anemia mlh Pamry smnl Mnc 
tuniAl Mcmoglobmuna Report ol a Case mlh Only Occasional Uemoglobmuna and witli 
Complete Autopsy, Arch- Int Ued , 67 73»<-745 (Apr ) 1941 
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coqUoI also defibnnate 10 c c of normal blood Centnfugc, ^'^asb the cor 
puscles three tunes %yith phj'SJologic salt solution, and make a 5 per cent 
suspension of corpuscles m physiologic salt solution Centrifuge 1 cc 
samples of the suspension of corpuscles and discard the supernatant salt 
solution from each sample Resuspend the corpuscles of both the patient 
and the control mice of the patient s serum and make a similar suspension 
of the coipusclcs of the patient and of the control in 1 c c. of normal serum 
Also set up another set of tubes, adding 0 05 c c third normal h>’drochlonc 
aad to 0 95 c.c of the scrum of both the patient and control before suspend 
mg the corpuscles Incubate all the tubes at 37 5" C for one hour The tube 
should be shaken es-cry ten mmutes Centnfuge at the end of one hour and 
note for hcmQl>’Sis The red blood corpuscles of a patient with the Marchta 
fava 31icheU s^-ndrome should be hemolyaed both m the patient’s ovm serum 
and m normal serum, and there should be no hemoi>'si5 of the control cor 
pusdes. 

B HsTEKOpaos Ahtisodt 

Another serologic test, which is speafic m its action, but for which 
there is htUe adequate ea-planalion, is Uie si>callcd ' hcteropbile anbbody 
reaction ’* This has been studied m ghmdular fes-ers, or infectious mono- 
nucleosis^ and also m ser um s ickness This is someumes called the 
HanganUiu Deicher test because of their early independent investigations 
of the phenomenon m the fe\cr and lash that appears after mjecUons of 
horse serum Cavidsobn* has described the use of a method for diagnosis 
of glandular feier by the demonstration of agglutination of sheep cells by 
high dilutions of the serum of a patient who has infectious mononucleosis 

Detection of HeteropbJe Antibody (Dandsohit's MeUwiI) -^ilotertals 
Required— (a) A dozen test tubes, 7o mm X 10 mm placed m a suitable 
rack 

(h) Patients blood serum inactivated for thirty minutes at 56° C 
(Only 0 1 c c is required for the lest ) 

(c) A 2 per cent suspension of thoroughly washed sheep red corpuscles 
Ihese celb should be not less than twent> four hours old, nor more than a 
week old, and must be washed the day of the lest. Wash the corpuscles 
three tunes with pb>siolog!c solution of sodium chloride, mining well and 
usmg two to three times as much salt solution as the measured volume 
of cells The third centrifugalization should take twice as long as the others, 
or about fifteen minutes, and should concentrate the cells to about half the 
ongmal volume The supernatant fluid must be clear after the third cen 
tnfugalization 

Procedure — The test ts set up m ll tubes, with a twelfth tube for the 
control The dilutions of serum range from 1.5 to 1.5220 However, the 
final dilutions are 1 7 to 1 7168 and are used m reporting the titer The 
technic is clearly summarized in the following table 

^Dawdsoho, Israel Test for lofecUous Mononucleosis, \in Jour Qm Fatli, 
Techn cal SuppU ^ Sii-60 (March) 19SR. 
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* Discard 0 25 ce. from last tube 


The results are read aiter shakug the test tubes unld the scdusCDt u 
suspended AggluUnaUoo o{ the corpuscles mdveates the presence of heteio* 
phde antibody u that tube The highest dilution u rrhicb this can be 
detected cither riitb the naked eye, or mtb the low poner objective is takes 
as the end point The iindisg of a titer of 1 224, or more (agglutination 
u at least the hrst d tubes), is presumptive evidence of infectious mosonu 
cleosis in a person presenting the dinicat picture and hematologic findings of 
this disease 

C CoupLEUBKT nxATioH Test Toa GOnOKaHEa 
Either of the methods given for syphilis may be used The antigen 
IS prepared from cultures of a great number of strains of gonococa 
and is best purchased from a biologic supplj house For use it is gen 
erally diluted 1 m 10 with sahne, and js titrated each time tests are 
made The dose used for the test is generally one quarter to one 
half the smallest amount that is anticompleraentary, provided that 
this gi\es a strongly positue reaction with a knorvn positive serum, 
or with the antigonococcus serum marketed by biologic supply houses 
The test is conducted with three different quantities of inactivated 
serum — 0 05, 0 1, and 0 2 c c — together wth correspondmg controls 
m whidi no antigen is used The primary incubation should be at least 
one hour in the water bath or fifteen hours in the refngerator 

The reaction is negative during the acute stage of gonorrhea, but 
IS useful in determining tie presence of a locus of chrome infection 
In ordmary chronic gonorrheal urethntis the reaction is positive in 
about 35 per cent of cases, while m gonorrheal arthntis the per 
centage is much higher, probably above SO per cent> In general it 
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may be said that the reaction is bi^ly speafic if properly earned out, 
but not very delicate, owng to the small amount of antibody present 
m the blood A defimtely po&iti\e reaction, therefore, is practically 
diagnostic, but the reactions are usually ueaLcr than m syphilis, and 
a negative reaction does riot exclude gonorrhea A fact of much im 
portacce is that it becomes negative m a short time, usually two to 
four weeks, after a cure is effected 

2> Tssts roa Bcainococcns Dissass 
The complement fixation test using cyst fluid as antigen, and the 
skin test (Casoni test) are described on page 551 The precipitin test 
as apphed to the sera of patients infested with echinococcus is de 
senbed on pages 662-665 

Craig’s complement fiiation test for amebiasis (p 509), and tests 
using various bactenal antigens are of academic interest but are not 
very useful for clinical diagnosis 



CHAPTER XI 


BACTERIOLOGIC METHODS 

Bacteriology has become so important a part of mediane that 
some kno^vledgc of bactcriologic methods is imperative for the present 
day practitioner It has been the plan of this book to describe the 
various bacteria and bactcriologic methods with the subjects to 
which they seemed to be particularly related The tubercle bacillus 
and Its detection for example, arc described m the chapters upon 
bputum and Urine There are, however, certain methods, notably 
the preparation of media and the study of bacteria by cultures, which 
do not come vsitbm the scope of any previous section, and an outline 
of these is given id the present chapter 

L APPAKATrS 

Much of the apparatus of the dmical laboratory is called into use 
Only the follow mg need special mention 

1 Sterilizers —Two are required 

The dry, or hot atr, simitar is a double nailed oven similar to 
the detached ovens used with gas ind gasoline stoves It has a hole 
m the top for a perforated cork with thermometer The oven of any 
stove, even without a thermometer, will answer for many purposes 
Ordinarily the heat should be sufficient to slightly brown but not 
char paper or cotton, and should be continued for one half to one hour 

The sleatn sterilizer may be of the Arnold type, opening either at 
the top or the side An autoclave, which stenUzes with steam under 
pressure, is very desirable, but not absolutely required An aluminum 
pressure cooker (Fig 364) js a very satisfactory substitute for the 
autoclave A small sterihzcr made of polished aluminum with a lid of 
curved flexible steel is illustrated in figure 365 Tlie simple pressure 
regulating valve is covered with a wei^t that allows steam to escape 
at 15 pounds' pressure 

2 Incubator — This is the most expensive piece of apparatus 
which will be needed It is made of aipper, and has usually both a 
water and an air jad>.et surrounding the incubating diamber It is, 
provided with thermometer tbennoregulator, and some source of 
heat usually a Koch safety Bunsen burner if gas be used With a httle 

75^ 
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ingenuity one can rig up a drawer or a small box, in which a fairly 
constant temperature can be maintained by means of an electric li^t 
The degree of heat can be regulated by moving the drawer in or out, 
or holes can be made in which corks may be inserted and removed as 
needed. A thermos bottle has been suggested as a temporary make- 
shift Upon occasion cultures may be kept warm by carrying them 
vn an inside pocket. 

‘ The gas-heated copper incubators are now fast being displaced by 
the cheaper and more satisfactory incubators in which eJectricity is 
the source of heat. 

3, Culture Tubes and Flasks. — For most work ordinary test 
tubes, 125 X 19 mm without flange, are satisfactory. For special 
purposes a few 100 X 13 mm. and 150 
X 19 mm. tubes may be needed 
Heavy tubes, which do not easily 
break, can be obtained, and are 
especially desirable when tubes arc 


Fig, 365. — iUxdgel stenli^r 

cleaned by an untrained assistant. The tubes are usually stored 
in wire baskets. 

Flasks of various sizes are needed. The Erlenmejer type is best 
Quart and pint milk bottles and 2-ounce, wide-mouthed bottles wnfi 
answer for most purposes. 

4. Platinum Wires. — At least two of these are needed. Each con- 
sists of a piece of platinum wire about 8 cm. long, fixed in the end of 
a glass or metal rod. One is made of about 22-gage wire, and its end 
is curled into a loop 2 to 3 mm. In diameter. The other wire is some- 
what heavier and its tip is hammered flat. 

Lyon recommends the use of No. 20 nichrome ivire as nearly 
equal to platinum and very much cheaper. He makes a handle 
of No. 8, or thicker, aluminum wire, sawing an obh’que notch in 
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ihe end, inserting Uic nicbiome ^ire, and haEomering the aluminum 
over It 

S Pipets — In addition to the graduated pipels with which every 
laboratory is supplied, there are a number of forms which are gener 
ally made from glass tubing as needed One of the simplest of these 
IS the capillary pipet," made as follows A section of glass tubing 
about 12 cm long and 7 mm m diameter, is grasped at the ends, and 
Its center is heated m a concentrated dame A blast lamp is best 
but a Bunsen burner will usually answer, particularly if fitted with a 
wing or fish tad” attachment When the glass is thoroughly soft 
ened It IS remo^ed from the flame and, with a steady but not rapid 
pull 13 drawn out as shown in Fig 366 Ihe slender portion is scratched 


! ' - - H cnooo » 




t i 3C6— -Process o{ teat os cap Uary p pels (Group A) and VVngbl a capsule (Group B) 
Tbc dotted Luca indicate nbere tbe gkss u to be broken. 

near the middle with a file, and as broken to make 2 pipets, which are 
then fitted with rubber nipples Two conditions are essential to 
success the glass must be thoroughly softened, and it must be re 
moved from the flame before beginiung to pull 

A nipple can be made of a short piece of rubber tubing one end 
of winch IS plugged with a glass bead 

This pipet lias many uses about the laboratory With a grease 
penal mark about 2 cm from its tip (Fig 377), it is useful for measur 
ing very small quantities of fluid, as m makmg dilutions for the M'ldal 
test and m counting bactena m vacanes hlelt’s tubes for pepsin 
estimation may be made from the capillary portion The capillary 
portion also makes a very satisfactory blood lancet if the center is 
bcated in a low flame and tbe two ends pulled quickly apart 
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Another useful device is the Wn^t capsule, which is made as 
shown in Fig 366 Its use is illustrated m Fig 351 After the straight 
end IS sealed, the curved portion may be booked over the edge of the 
metal tube of the centrifuge, and the contamed blood or other fluid 
sedimented, but the speed should not be so great as to break the 
capsule 

IL STERttlZATION 

All apparatus and matenals used in bacteriologic work, must be 
stenlued before use 

Glassware and metal are heated m the hot air sterilizer at 150® 
C for one hour, at 180® C for half an hour Flasks, bottles, and 
tubes are plugged with cotton before heating Petn dishes may be 
wrapped in paper m sets of three, or better yet m covered copper 
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r g 367 — ^Petn dish bolder 


receptacles, made to hold a number of assembled dishes (Fig 367) 
Pipets and ail glass hypodermic syringes are placed in cotton stoppered 
test tubes 

Culture media and other fluids must be sterilized by steam Ex 
posure m an autodax e to a temperature of 1 10® C (6 pounds' pressure) 
for one half hour or of 121® C (about 15 pounds' pressure) for fifteen 
minutes is generally sufficient Sometimes 20 pounds for twenty 
minutes will be required to kill resistant spores In using the auto 
dave It IS extremely important that all the air be allowed to escape, 
so that the stenhzing chamber may be filled with superheated steam 
With the Arnold sterilizer the mternuttent plan must be adopted, 
since steam at ordmary pressure will not kill spores This consists 
m steaming for thirty to forty five minutes on three or four sue 

36 
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cessive days Spores wiuch are not destroyed upon the first day de 
\clop into the vegetative form and are destroyed at the next heating 
Gelatin media must not be exposed to steam for more than twenty 
minutes at a time, and must then be removed from the steriliser and 
cooled m cold water, otherwise the gelatin may lose its power to 
sohdify In preparing sugar fermentation tubes it is preferable to 
sterilize the sugar solutions by filtration, and to add the appropnate 
amount to the stenle blanks which have been previoiuly prepared, 
since great heat tends to break down tbe sugar 

Cotton and gauze are sterilized by either hot air or steam, pre 
ferably the latter 

HL PREPARATION OF CULTURE TUBES 
\ew tubes should be washed m a very dilute solution of nitnc 
lad rmsed in clear water, and allowed to drain dry 

Tubes which contain dned culture media are deaned with a test 
tube brush after boding m a 1 or 2 per cent solution of washing soda 
They are then rinsed successively m dear water, aadidated water 
and dear water, and allowed to drain 

The well known bichromate cleaning flmd is very valuable for 
cleaning glassware of all kinds It consists of 

PoUsMum b ebroouu tecboical 100 Gn 

Canc«auatecl v^Cunc tuad tiichmot 2S0 e«. 

Water 7S0 

Glassware may be placed m this solution for one daj or longer and 
then rmsed thoroughly and dned 

The tubes are now ready to be plugged with raw cotton — the 
cotton batting of tbe dry goods stores This is done by pushing a 
wad of cotton into each tube to a depth of about 3 cm with a glass 
rod Tbe plugs should fit snugly, but not too tightly, and should pro- 
ject from the tube sutficicntly to be readily grasped by tbe fingers 
The tubes are next placed m wire baskets and heated in an oven for 
about one half hour at 150* C in order to mold the stoppers to the 
shape of tbe tubes The heating should not char the cotton, although 
a slight browning does no harm The tubes are now ready to be filled 
with culture media 

IV CULTUBB MEDIA 

tor a careful study of bacteria a great variety of culture media is 
required, but only a few — bouillon, a^, and soUdified blood serum- 
are much used in routine work A ^at deal of work can be done 
with a single medium for which purpose Huntoon’s ‘ hormone agar 



CVLtUIU^ MEDIA 


76. 


IS probably best The ordinary culture media, put up in tubes readv 
for use, can be purchased through any pharmacy A long hst of media 
including practically all formulae m general use, and many others 
IS now offered m powder form under the name Bacto Dehydrated 
Media These have only to be dissolved m a specified amount of n’ater 
and sterilized Most of them, at least, are very satisfactory, and their 
use greatly facilitates the work of a ■iimaU laboratory 
Preparation of Culture Media — 

Beef Infusion 

Hmbursei stesik lean 500 Gm. 

Tap water 1000 c c. 

Mix well, let soak about twenty four hours in an ice chest and 
squeeze through cheesecloth This infusion is not used by itself, but 
forms the basis for vanous media “Double strength” infusion used 
in making agar agar, requires equal parts of the meat and water 


Infusion Bouiixon 

Beef irtfusioa 
Peptone (Wlte) 

Salt 


1000 c.t 
10 Gnu 
S ‘ 


Boil until dissolved, bring to onginal volume with water, adjust 
reaction and filter 

^ Beef Extract Bouxleon 


Liebig’s extract o{ beef 3 Gm 

Peptone 10 

Sale 5 ' 

Tap water 1000 c-c. 


Heat until all ingredients ire dissolved, cool, and beat ui the 
whites of 2 eggs, bring slowly to the boiling point again, boil brxsUv 
for five minutes, and filter It is not usually necessary to adjust the 
reaction unless the peptone has an aad reaction 


AIeat AIash 

Lean chopped beef 1 Ib 

DiUiUed water 1000 cc. 

Boil for twenty minutes Make up to 1000 cc and adjust the 
reaction to />H 7 6 Boil again for ten minutes Filter throu^ gauzt 
to separate the meat and broth Fill tall tubes (8 X f inch tubes) 
about inches from the bottom of the tubes v,ith the ground meat 
and add broth to fill the tubes about two thirds full Place in the 
autoclave for twenty minutes at 20 pounds' pressure This medium 
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IS txceUent for keeping stock cultures of streptococa viable for long 
periods of time Other organisms will grow luxuriantly m this medium 

^'bEXTBOSE BbAIN BbOTII 

Ibis IS an excellent fluid medium for groiving streptococci It is 
used to advantage in malung blood cultures, the indicator at tunes 
showing growth, before colonies appear on plates Dissolve 8 Gm 
dehydrated “Bacto ’ nutrient broth (Difco Laboratories, Detroit), 
and 8 Gm of salt in 1 liter boilmg water Cool, add 2 Gm C P 
dextrose, and 1 c c Andrade indicator (p 772) The medium is tubed 
in tall tubes (8 X | inches) Three small pieces of calf’s brain and 
two or three pieces of marble ate added to each tube, and the medium 
13 then sterilized m the autoclave at 20 pounds’ pressure for twenty 
minutes 

Kbacec’s Blood Cuiturjc MEcnm 
This medium like many others is most easily prepared by using 
“Difco' dehydrated material Five Gm of the powdered culture 
medium makes SO c c of broth medium, or 1 pound will make 4 5 
liters The ingredients in the revised formula prepared by the Diges- 
tive Ferments Co were mixed in the following proportions 


Beef heart Ihsue, ftesh 400 Gm 

Beef bmo uuue fresh SS ' 

Peptone K 10 

Dextrose. 10 

Sodjuffl chlonde 4 ' 

Sodium otiate I 

Disodium phosphate 2 ' 


Suspend a weighed amount of the powder m ten times the amount 
of distdled water (measured in cubic centimeters) until the particles 
aie thoroughly wetted Divide into tubes or small flasks Sterilize 
m an autoclave for fifteen to twenty minutes at 15 pounds’ pressure 
The final reaction will be pH 7 4 It is claimed for this medium that 
the complement in the paUent’s blood is immediately fixed by tlie 
brain and heart tissue, coagulation is prevented by the sodium atrate 

Beef Intusioh Agas 

Preparation of this medium usuidly gives the student much 
trouble There should be no difficulty if tlie directions are carefully 
earned out 


Agar agar powdered or la fhreda 
Tip witer 


15 Gm 
500C.C. 
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Boil until thoroughly dissolved and add 

Peptoce 10 Gm. 

Salt. S •• 

^Vhen these have dissolved, replace the water lost in boihng, cool 
to about CO” C , and add 500 c.c double strength beef infusion 
Bring slovvl) to a boil, adjusting the reaction meanwhile, and boil 
for at least five minutes TUter while hot through a moderately thick 
la>er of absorbent cotton vret with hoi water in a Iiol funnel A piece 
of coarse wire gauze should be placed m the funnel underneath the 
cotton to give a larger filtcnng surface This medium will be dear 
enough for ordinary work If an especially dear agar is desired, it 
can be filtered through paper m an Arnold stenhzer 

WiLSov ANT) Blur ilEDIUU 
(Thompson modification for C welchu) 

Thompson^ has found this medium the most satisfactory for dem 
onstratmg C ackhtt m cbnical roatcnal Prepare beef infusion agar, 
with 2 per cent of agar, and 0 5 per cent of glucose added Set the 
reaction at pH 7 0 BoCde m 100 cc amounts, add 3 Gm of marble 
chips to each bottle and autodavc For use, melt a bottle of the 
medium, add 10 c c of freshly prepared 20 per cent solution of sodium 
sulfite and 1 c c of S per cent solution of feme chlonde Pour 20 c c 
m a stenle Petn dish, inoculate, and when sohdified pour 20 c c more 
of the medium on Cop of the inoculated layer Closlndum adclm 
develops a black ixlor in the medium about each colony after incu 
bation for about six or seven hours 

Liver Brmsios Acas. 

This medium is used chiefly m the culture of Brucella abortus 
according to Huddleson’s method It may be. prepared from fresh 
hver but is most easily prepared from “Difco”''matenal which rep 
resents 


Beef li^'cr, infusion from SOO Cm. 

Protcose-peplone 10 

Sodium dilonde S 

Agar 20 


Use 55 Gm in 1 liter of distilled water Dissolve with heat, tube 
and sterilize The final reaction is 6 6 This medium, to which has 
*Tbomp50i], Lulber The Medium of Wilson and Blair for the Detemunation of 
ClosCndium welchu Amer Joitr Qia Path. (Tech. SuppL), P 27J-J76{Julr)» tW9 
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been added 3 Gra of dibasic sodium phosphate, has been used as a 
base for the Cleveland and Collier medium for amebic culture de 
scnbcd on page 508 

Beef Extract Agar 

This IS made by boiling IS Gm of powdered agar m 1000 c-c of 
beef extract bouillon until dissolved, replacing the water lost m boll 
ing and liltering through paper in a steniuer It can be cleared with 
egg \f desired This makes a 1 S per cent agar Tor some purposes, as 
when beef extract agar is used as a base for Endo's medium, twice 
the amount of the powdered agar is required 

Gcvcerol Agar 

To 1000 c c melted agar add 60 to 70 c c glycerol, and mix well 
N N N Mmnmi 

Mix 14 Gm agar, 6 Gm salt, and 900 c c water Prepare as plam 
agar medium, tube and stcnluc m the autoclave Tor use melt the 
agar and when cooled to 4$^ C add one third volume of de&bnnated 
blood 

Petroff s Mediuu 

Ihis medium is now very generally used for growmg tubercle 
baalh Mix 500 Gm chopped lean beef, or veal, with 500 cc of 15 
per cent glycerol solution Place in the icebox for twenty four hours 
filter through gauze, and to eadi 100 c c of filtrate add 1 c c of 1 per 
cent alcoholic solution of gentian violet Stcnhze the shells of 5 eggs 
by placmg them m 70 per cent alcohol for ten minutes Carefully 
crack the eggs, and mix the whites and yolks m a sterile beaker 
Add an equal amount (about 200 c c ) of the glycerol beef extract and 
mix well Tube, placing 4 c c in each tube Inspissate at 85° C until 
medium is solidified, and on the two succeedmg days heat for one 
hour to 75° C jT 

'^oarcR AKD Utci’s* Mediuu 

Cut large clean potatora free from surface defects into cylinders 
itmuA 3 vEuiift'i long by ^ vncK m dvamstas , hoxtx KaWe. 

‘Cotper H J acidUyct, Nu rwllwT ObsmaVions^ilh a New Method (or Cut 
ii>3ttiig Tubercle Bacilli A Comparnon with Guineapg Inoculation and Petrois 
Method Jour Lab and Oin Med, 14393-411 tPeb) 1929 Corper H. J., and Uyei, 
Nao A Simple Glycerol Water Crystal Violet Potato Cylinder Medium for Diagnostic 
Cultures of Tubercle Bacilli, Arch Path, 7 835-838 (May) 1929 Coiper, H J., and 
Wyn Nao Oxalic Acid as a Reagent lor Itolaling Tubercle BaolU and a Study of the 
Growth of Add fast Noapalhogens on DifTercat Mediums with Their Reactions to Chem 
cal Reagents, Jour Lab and Clin hfed^ 15 318-369 (Jan ) 1930 
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longitudinally and immediately soak for from one to two hours in 
1 per cent anh>drous sodium carbonate solution containing 1/75,000 
crjstal \iokt added just before using. One hundred sixty individual 
haUcs should be used for 1 liter of the sodium carbonate dye solu- 
tion. Wipe the pieces of potato carefully witli a dean towel, and 
place them in sterile culture tubes (6 by } inch size) containing 1.5 
cc. of 6 per cent gl>o;ro] In water. Plug the tubes with cotton and 
stenlize them in the autoclaNc for thirty minutes at 15 pounds' pres- 
sure. It may be nccc&sary to sterilize them at only 10 pounds' pressure 
if the potato tends to become friable. Incubate the tubes at 57^ C. 
for two <b>s to lest for stcnllly. 

Eco-Volk-Acar Mixture 
(llerrold's modification of Cappaldi medium) 

Feldman' recommended the following medium nlucli he has 
slightly modified by making a 1.5 per cent agar raedium, instead of 
1 per cent. It will grow aAian, bovine, and human strains of tubercle 
badUi. 

Solution L 


beef tiUiet 6 Gbl 

replfase. . . 20 " 

Sodtua eUondt. 10 " 

DiitiUnl viler lOOOcc. 


Bod the mixture for fifteen minutes and add dUUlIcd water to 
restore to the onginal volume. (Glycerin may be added if desired, 
60 cc. will make a 3 per cent gl^ccnn medium ) Adjust the pH to 
7.S and filter tlirough paper. 

Solution 2. 

GnnuUtcd Mfix . SO Gm 

UiSUUed Viter ... .. . 1000 cc. 

J'Jacc tic agar and tic water in a Florence tJask, and autoclave at 
15 pounds’ pressure for thirty minutes. When the flask has cooled 
sufiidcntly to be handled, pour the agar solution into a graduate, 
leaving the undissolvcd debris at the bottom of the flask. Add dis- 
tilled water to moke up to the ongmal volume Heat solutions 1 and 
2, mix, and filter through two layers of fine mesh cheesecloth Place 
in Clcan-Casy bottles in 150 c c. amounts, stopper, and sterilize in an 
autoclave for thirty minutes at 15 pounds’ pressure, and store for 
future use 

' rddown, VV li Avian Tubuculo&u InfccUotu. Galumore, WiUuou uui 
Company, 1938, pp 89-90 
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To complete the me/Jium, the yolk of one fresh egg must be added 
to each 150 cc. of agar, which must be melted in a hot water bath 
and sufSciently cooled to remain just Kqoid. Thorouglxly wash the eggs, 
and immerse in 80 per cent alt^ol for fifteen minutes. Dry in the 
air. Flame one end of an egg, break the shcU and underlying mem- 
brane wAb slcnle forceps Discard the while, and break the yolk, 
with sterile scissors Carefully pour the jolk of one egg into one 
of the bottles of melted agar. Since the medium is not sterilized after 
the egg yolk is added, this part of the procedure should be carried 
out under a hood in a room free from draft. Replace the cotton stop- 
per, and shake the bottle to effect a homogeneous mixture. Put the 
medium mto sterile lubes, slant, and then incubate for two or three 
days Discard any contaminated lubes 

Sabouraud’s Acas tor Fmsci 

This is a widely used standard medium for cultivation of yeasts 
and molds, particularly the fungi of the parasitic sb'n diseases Ash- 
ford recommends it for isolation of Momlia pitlosis from the feces 
By virtue of its aad reaction It retards the growth of bacteria, 


Maltose or glucose 4 0 Om 

Peptone 1 0 “ 

Agat. IS" 

Viater , 100 c.c. 


Adjust reaction by UUation to (p 776} 

TAHTARtc Acid Mediiju fob Fukci 

Another medium recommended for fungi because it inhibits the 
growth of ordinary bacteria is made as follows* 

Tait&nc aod . 23 Gm. 

Deitrose 50 " 

Water, to make . 100 cx 

Sterilize in the autoclave twenty minutes at 20 pounds’ pressure 
Add 10 c c. of this sterile tartaric add-dextrose solution to 190 c c. of 
melted agar, and pour plates 


Blood Agas 

Blood agar is now widely used for culturing sputum and other 
material in which the pneumococcus or streptococcus may be expected. 

Stenle agar in a flask or a series of tubes is melted, cooled to 45“ 
to 50“ C., and maintained at this temperature in a water bath. Sterile 
human or rabbit blood which may be dtrated or defibrinated is then 
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added m the proportion of 1 c c of blood to 4 or 5 c c of agar, and 
well mixed b> rotating For the study of hemolysis by the strepto- 
coccus the proportion of blood shoidd not exceed I m 10 The medium 
15 then poured into Petn plates, or, if m tubes, is cooled in a slanted 
position, and is meubated to maLc sure of its sterility WTien extreme 
economy is essential the blood agar may be poured upon the surface 
of plain agar slants 

Human blood may be obtained from an arm vcm by means of the 
device shown m Fig 94, page 195, which has been charged with 1 or 
2 c c. of 10 per cent sodium citrate before stenhaation If delibnnated 
blood be preferred, a number of pieces of broken glass tubmg 
arc substituted for the atrate, and the tube is gently shaken Kabbits* 
blood IS secured from the heart 

Sauer's Potato Dlooo Agar tor Wuoopisc Coccu Bacuxus 

Sauer and Hambrccht^ ha\ e reported on the “cough plate" method 
for the carl) diagno&ts of whooping cough They used a medium 
which IS made in the foUoinng manner 

Place 500 Gtm of peeled, sliced potatoes, 40 c c. of glyccrm, and 
1000 C.C of distilled water in a kettle Weigh the container and con 
tents, and with the kettle coscred, bod the mixture tmtil the potatoes 
are soft Replace the water which has been lost, by adjusting the 
mixture to the original weight Strain the imxture through gauze 
To 500 cc of filtrate add 1500 c.c of 0 6 per cent saline solution 
and 60 Gm of agar Weigh the muturc, melt the agar, and adjust 
to the original weight Bottle the mixture in 150 c.c amounts and 
sterilize m the autoda\c This stock medium may be kept for months 
in the refngerator For use, melt the medium, cool to 45° C and 
add 30 C.C of dcfibrmated blood to each 150 cc of medium Pour 
the melted potato blood agar medium into sterile Petn dishes using 
about 20 C.C. for each dish Use freshly prepared plates for cultures 
In collecting the material, expose the medium m front of the patient s 
mouth, only when there is a true expulsi\c cough that wiU bring 
matcnal from the bronchi 

Chocolate Blood Agar 

This medium is espeaally valuable for growing gonococa, the 
colonies producing an oxydase reaction which is demonstrated easdy 
with a solution of tetramctbjl p-phenylenediamine hjdrochlonde 

* Sauer, L. aod Hambrecbt, Leoooia Wnuwping Cough Early DiagooaU by the 
Cough Plate hlethixl. Jour Am. iled Aasn., fiS 26S~2M 0uly 26) 1930. 
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The techmc for using this medium is desenbed oa [lage 734 The 
medium js prepared as follows 

Dissolve 10 Gm of peptone and 2 Gm of dibasic sodium phos 
phate (NajHPOO m 1 liter of distilled water Heat to 60® C Add 1 
pound of ground lean beef Keep the temperature at 60° C for forty 
hve minutes, then steam m the aulodave for thirty minutes Filter, 
and adjust the reaction to pH 7 4 Dissolve 12 Gm of agar (or just 
enough to make a “soft” agar medium) with as little boiling as pos 
sible Put 100 cc amounts in 6 ounce bottles, place m autoclave at 
15 pounds for liftcen minutes and store in the refngerator For use, 
melt the stock medium and jjhite still lery hoi, add 10 c c of citrated 
human blood for each 100 cc of medium Mk thoroughly The 
mixture will become dark brown at once, instead of the red color of 
blood agar which is pn.pared at lower temperatures Pour jt into 
stenle Petri dishes and use on the same day that it is prepared 

HoBuoaE Acvk (Humoov) 

This has now become a very popular stock medium for general 
bacteiiologic procedures The modification proposed by Sadie Bailey 
IS gi\ en Thoroughly wash 15 Gm of agar agar shreds m running 
water, and dissolve by boding in 1 liter of distilled water Cool to 
50° or 60° C Add 500 Gm ground lean beef or beef heart, heat to 
boding, and cook slowly for from fifteen to twenty minutes Fdter 
through an ordinary round flour sieve, about 16 mesh Add peptone, 
10 Gm , and sodium chlonde, 5 Gm , and bod for five minutes Cor 
rect the reaction to pH 7 5 Allow the precipitate to settle out and 
decant the dear supernatant medium Add from 0 25 to 1 per cent 
dextrose as desired Also add three or four small pieces' of marble 
to each tube to keep the reaction at the proper point Tube and 
sterilize either by heating for one hour in the Arnold stenlizer on 
three successive da>s, or in the autoclave for twenty mmutes at 15 
pounds' pressure Wlien atrated blood is added to tins medium it is 
especially useful m culturing pneumococa and streptococci Gono* 
coca will also grow on hormone blood agar 

Eosm McrirfLiufE Btus Ac v& 

This medium is usefvd for didercntiaUng £ cehfromA aerogmes 
The colonies produced by E colt are flat, almost black, with a metallic 
sheen, while A aerogeiies grows with large, mucoid, bght blue colonies 
The typhoid dysentery group of organisms produce colorless colonies 
on this medium 
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Mix peptone 10 Gm , dibasic potassium phosphate 2 Gm , and 
agar 15 Gm , m 1000 c c of distilled water Boil until the ingredients 
are dissolved Add distilled water to make up any loos due to evap- 
oration Adjustment of the reaction and filtration of the medium are 
not required Place 100-cc quantities m flasks and stenhae in the 
autodave at 15 pounds’ pressure for fifteen minutes- 

Just pnor to use melt the stock agar and to each 100 c c add 5 
c c of a sterile 20 per cent solution of lactose, 2 c c of a 2 per cent 
aqueous solution of yellowish eosin, and 2 c-c. of a 0 5 per cent solu 
Uon of methylene blue Ma thoroughly and pour into stenie Petn 
dishes 

A modification of this medium uses half as much lactose, with an 
equal amount of saccharose, and half of the quantities of eosm and of 
methylene blue 

Endo’s Aga£ 

Prepare a 3 per cent beef extract agar (p 756) Neutralize to 
phenolpbthalem, stenhze, and store in 100-c c quantities 

To make Endo’s medium melt 100 c c. of this agar, add 1 Gm 
chemically pure lactose, and 05 cc of fuchsio sulfite solution pre 
pared as follows To 10 cc of a 10 per cent solution of anhydrous 
sodium sulfite add 2 c c of a 10 per cent alcoholic solution of basic 
fuchsin, and heat for a few minutes 

The finished medium may be stenlued m the Arnold, but too 
great heat is to be avoided because of the danger of breakmg up the 
sugar The medium is red when hot, faintly pmk or colorless when 
cold 

Lactose fermenters (colon bacnUi, and so forth) give red colomes 
on Endo’s medium, although die color may not appear in twenty 
four hours’ incubation, others (typhoid, paratyphoid, and dysentery 
baolh) give colorless or gray colomes 

Lactqsx Lmius Agas 

Melt 100 C.C of nutnent agar such as is used for Endo's medium 
add enough azohtmin solution to give a distmct lilac color, and 5 c c 
of hot freshly prepared 20 per cent solution of pure lactose Tube and 
stenhze, preferably in the Arnold 

Russell's Doinux Sugar \Gva 

Make a 2 to 3 per cent beef extract agar, adjust reaction by titra 
tiQu to about +0 7 (p 776), and add azohtmm solution to a purple 
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Violet color Now neutralize to azobtmin, and to each IDQ: c c add 1 
Gm pure lactose and 0 1 Gm pure dextrose The sugars are dis- 
solveti m a little water before ading Mix well tube, steniue m the 
^/\nioId, and cool m a slanted position There should be a deep butt 
below the slant 

rhis medium is used to difierentiate organisms ol the colon 
typhoid group It is customary to inoculate tubes both with a sur 
face streak and with a stab made from the same colony Colon baalli 
turn both slant and butt red with gas bubbles m the butt Typhoid 
and dysentery baalh give a grayish growth on the violet slant and a 
deep pmk m the butt without bubbles The growth of paratyphoid 
baalh, A and B, resembles that of typhoid except that there is gas 
production m the butt 

Instead of azohtmm most workers prefer using 1 per cent of 
Andrade s indicator The dnal reaction of the agar should be about 
pH 7 2 If the reaction is satisfactory, the medium will have a red 
color when hot and will be practically colorless when cold Andrade s 
mdicatoi is made by adding a 4 per cent solution of sodium hydroxide 
to a 0 5 pec cent solution of aad fuebsm until the color changes from 
red to orange or yellow As the color change takes place slowly, some 
time must elapse between additions The usual proportion is about 
16 c c. of the alkali to 100 c c of the dye solution 

L&ad Acexate Acak 

hlclt ordinary agar culture medium, cool to 60” C , and add 
enough of a 0 25 pec cent basic lead acetate solution to produce a 
concentration of 0 05 per cent of lead acetate m the culture medium 
Place in tubes ^\'hcn the culture medium has become hard, inoculate 
with a fine needle Bacillus paratypbosus A (Salpjondla parcUypht) 
does not produce any change m this medium, while B typhosus 
{Eberthella iyplma), B paratyphosus B (5almo«^la schollmUUtn) and 
B eotcntidis {Salmonella enlenltdis) blacken this medium 

Gelatin 

Dissolve 100 to 120 Gm “golden seal ’ gelatm m 1000 c c nutnent 
bouillon With as little heat as possible, adjust the reaction, cool, beat 
in the whiles of two eggs, bnng slowly to the boihng pomt, boil for 
a few minutes, and filter hot throu^ filter paper wet with hot water 
Stenlizc m an Arnold sterilizer for twenty mmutes upon three sue 
cessive days and c»oI in cold water after each heating Keep at room 
temperature between heatings 
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Sugar ^^Iedu 

Any desired sugar may be added to bouillon, agar, or gelatin in 
proportion of 10 Gm. to the liter. It Is best added in solution. Dex- 
trose is most frequently required When other sugars are added, media 
made from beef extract should be used, since those made from beef 
infusion contain enough dextrose to cause confusioD. 

The various sugars may also be added to Dunham’s peptone 
medium and Hiss* scrum-watef'Utmus. 

For the study of gas production the sugar media are placed 
in U tubes or, better, in Dunham’s fermentation tubes (Fig 368). 
These consist of standard culture tubes with small tubes, about 8 by 
25 mm., inverted inside of them, nie culture 
medium is introduced to a depth of about 

inches The air in the inner tube is driven 
off during sterilisation. As a rule, sugar media 
are sterilized in the Arnold, as sugar does not 
resist heat well. 

Lomsa’s Btoon Ssaux 
DextxoM'bowUoQ (I per cent) . 1 pert 

Blood senua . . 3 parts 

hlix and tube. Place in an inspissator at 
the proper slant for three to six hours at 
SO” to 90® C When firmly coagulated, sterilize 
in the usual way. A large “double cooker” 
makes a satisfactorj' inspissator. The tubes 
are placed in the inner compartment upon 
a la>er of cotton at the proper slant, a lid 
with perforation for a thermometer is applied, 
and the whole is weighted down in the water of 
the outer compartment. An Arnold sterilizer with the door left ajar 
also makes a good inspissator. 

Blood serum is obtained as follows; Beef or pig blood is collected 
in a bucket at the slaughter house and placed in an ics^chest until 
coagulated. The dot is then gently loosened from the wall of the 
vessel. /Uter about twenty-four hours the serum will have separated 
nicely and can be siphoned off. It is then stored in bottles with a bttlc 
chloroform until needed. Red cells, if abundant, darken the medium, 
but do no harm. 

This has long been the approved medium for the diphtheria 
bacillus. For this purpose Creenspon has improved it by induding 



Fig 36S.— Duniuim's f« 
mentation tube, coosating 
of a small tube la^'crted u> 
a standard culture tube. 
Whea a Lqiud culture me- 
dium a present tbe air in 
the moer tube is (tn%ca off 
dunng stenhzaUon. 



774 


BACTERIOLOGIC METHODS 


1 c c of 50 per cent sodium citrate solution in each 100 c c of mixture 
and then adjusting the reaction with 3 per cent citnc aad to 6 4 
using bromthymol blue as an indicator The advantages are that 
gram positive coca are inhibited and diphthcna bacilli grow more 
luxuriantly 

Hvdbolvzed SEamt Ac\s 

Thompson* has combined the method of Klem and that of Greens- 
pon to make a serum agar that promotes the growth of diphthena 
organisms and inhibits the growth of certam other bacteria which 
ace found in the tliroat- It offers the convenience of an agar medium 
for the plating and isolation of pure cultures B diphthenae {Corynehac 
icnum diphthenae) The medium is prepared as follows 

Dissolve 40 Gm of LofQer s blood scrum (‘ Bacto" dehydrated) 
m 250 c c of water at 40“ C Mix well and add ISO c c of normal 
solution of sodium hydroxide Place m an incubator at 37* C for 
forty eight houfs Neutrabze with S per cent hydrochlonc aad to 
/iH 7 0 using bromthymol blue Add 2 5 Gm of sodium atrate, 
when dissolved adjust to 64 with 3 per cent citnc acid Make 
a 3 per cent solution of agar, and while suU hot, add equal parts of 
h>dro]}zed serum mixture and 3 per cent agar solution Put m tubes 
or Aasks and sterilize in the autoclave at 15 pounds' pressure for 
fifteen minutes The medium may be used in culture tubes, or it may 
he melted and pouted into Petn dtshes for the isolation of pure cultures 

Egg Medium 

This has been recommended as a substitute for solidified blood 
scrum In a mortar grind thoroughly the white and yolk of one egg 
with 10 to 15 cc of 1 per cent dextrose bouillon Place m tubes, in 
spissate, and sterilize as described for soLdified blood serum 

Cystine AIedium por B Tularense (Francis) 

The stock medium is made of beef mfusion to which is added 1 
\XT cent peptone, 0 5 pci cent salt, and from 1 to I 5 per cent agar 
igar The adjusted reaction should be pH 7 6 To this stock medium 
IS added 0 1 per cent C}Stme and 1 per cent glucose It is necessary 
to heat the medium for fifteen nunutes in streaming steam m an 
\iiiold sterilizer to melt the agar and to sterilize the cystine After 
cooling to 45* C add 5 per cent stenie horse serum The medium 
IS tubed and incubated for twenty four hours to insure stenhty 

* Thompson Luther Hydrolysed Serum Agar for Ihc IsolaUon of Corynebactenun, 
Diphthenae, Jour Infect His 16J-lfi6 (Sept) 1929 
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Lhmtis Mils 

Fresh milk is steamed in an Arnold sterili 2 er for half an hour, 
and placed in the ice-chest overnight. The milk is siphoned off from 
beneath the cream, and sufBdent aqueous solution of litmus or, pre- 
ferably, azolitmin is added to ©ve a biuish-violet color. It is then 
tubed and sterilized. Recently bromcresol purple has been used in- 
stead of other indicators with satisfactory results Enough of a 02 
per cent alcoholic solution of the dye is added to give the desired 
color. 

Potato 

Cylinders about ^ inch in diameter are cut from potato and spht 
obliquely. These wedge-shaped pieces are soaked overnight in run- 
ning water and placed, broacl ends down, in large tubes, in the bottom 
of which is placed a little cotton saturated %vith water. They are 
sterilized for somewhat longer periods than ordinary media. 

DUMIAU’S PePTOKE SOLDTION 

Pepiooe 10 Cm 

Salt, . ^ •• 

Water., 1000 cc 

Dissolve by boiling; filter, tube, and sterih'ze. 

This medium is used to determine indol production To a twenty 
four- to forty-cight-hour-old culture is added 5 to 10 drops of con 
centrated, chemically pure sulfuric add and 1 c c of 1 .10,000 solution 
of sodium nitrite. Appearance of a pink color shows the presence of 
indol. A pink color before the nitrite is added shows the presence 
of both indol and nitrites 

Hiss’ Sebum Watek Medivu 

tiiood serum I part 

SV'aler, about . 3 paru 

Steam in the Arnold for fifteen minutes to destroy any diastase 
that may be present. Adjust reaction to +0.2 to +0 8. Add Utmus 
or azolitmin solution to give a bluish-violet color. Finally, add 1 per 
cent of inuiin or any desired sugar and sterilize in the Arnold. Should 
the medium solidify, too large a proportion of scrum was used. Inuiin 
should be added in solution, and, ^cc it usually contains spores, 
sliould first be sterilized in the autodave. The inuiin medium is very 
useful in distinguishing between the pncumococctu and streptococcus 
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Bnx Mediom 

Ox or pig bile is obtained at the slaughter house, tubed, and 
sterilized This is used espeaally for growing typhoid bacilli from 
the blood dunng life and, ^tered as clear as possible, for the solubility 
test which distinguishes between pneumococci and streptococa The 
following IS probably as satisfactory as fresh, bile and is more con 
venient 

Ddiydrated ox bile ( Sacto ) 

Pcpwtie. 

Water 

Dissolve, place in tubes, and stenlue 

Reaction of Media — The chemical reaction of the medium exerts 
a marked influence upon the growth of bacteria It is adjusted after 
all ingredients are dissolved by adding sidhaent caustic soda solu 
tion to overcome the acidity of the meat and other substances used 
In general, the most favorable reaction bes between the neutral points 
of btmus and phenolphthalein, representing a very faint alkalinity to 
litmus The reaction may be adjusted by titration, or by the newer 
colonmetnc method Small chips of marble, which are placed in tubes 
of fluid media before stenlizatioo, act as a buffer 

Titration Method ■— After all tngtedienta ate dissolved and the loss 
dunng boilmg has been replaced with aater, 10 cc. of the medium arc 
transferred to on evaporau^ dish, diluted with 40 c C of water, and boiled 
for three minutes to dnve off carbon dionde One c c of 0 5 per cent al 
coholic solution of phenolphthalein is then added, and decinormal sodium 
hydroxide solution is run in from a buret until the neutral point is reached, 
mdicated by the appeaiance of a permanent pink color The number of 
cubic centimeters of decinormal solution required to bring this color indi 
cates the niunbet of cubic ccnUnaeteis of normof sodium hydro^de solution 
which will be required to neutralize 100 c c of the medium The standard 
reaction of the Amencan Public Health Aquation for bactenologic exam 
ination of water and milk is +1, wbicb means that the medium must be 
of such degree of aadity that 1 cc (d normal solution would be lequued 
to neutralize 100 c c This corresponds to faint alkalinity to htmus hlost 
pathogenic bacteria grow better with a reaction of +0 5 to +i Example 
If the 10 c c. which were titrated required 2 c c of decinormal solution to 
bring the pink color, the reaction is +2, and 1 c c of normal sodium by 
droxide must be added to each 100 c c of the medium to reduce it to the 
standard +1 

Colorimettic Method —With the growing recognition of the impor 
tance of exact adjustment of the line reaction or hydrogen ion concentration 
of media for the optimum growth of many bacteria titration has been largely 


300 Gen 
25 
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discarded as failiQg to gtie a suf&ienUy’ accurate index, owing partly to 
the many buffer substances which are present, and partly to the difficulty 
m getting an exact and uniform end point Accurate deteximnation of 
b>drogcn ion concentration by means o! the potentiometer is out of the 
question for clinical labomloncs owmg to the great cost of the apparatus 
The colonmctnc method is therefore now generally rched upon, and is 
entirely suffiaent for practical purposes This depends upon the fact that 
the mdicator, bromlhjTnol blue, gucs a senes of color tints at difFcrent 
hjdrogcn ion concentrations -within the range required for this work, that 
IS, from pll 6 to pll 1 6 With this indicator the color is jellow at 6, 
at pll 6 2 the color is yellowish green up to/iH 7, at 7 the color b^mes 
bluish green, and deepens to bngUt blue at pH 7 6 

Reagents Required — (o) Bromthymol blue, 0 04 per cent alcohohe 
solution 

(^) Kormal sodium hydroxide and dccmormal sodium hydroxide, the 
latter made from the former by accurate dilution These are best kept m 
ilasks uhidi hate been bghtly coated inside with paraffin 

(c) A senes of standard phosphate solutions of varying hydrogen ion 
conccQtraUons prepared according to Sdren&co as follows 

One fifteenth molecular aud or pntnary potassium phosphate Dissolve 
907S Gm of the pure crystalline ^t, RHtPOt, m freshly distilled water 
and moke up to 1000 c c 

One-fifteenth molecular alkaline or secondary sodium phosphate Ex 
p<»e the pure rccrystallued salt, Na 11F0,12(H;0) to the air or from 
ten days to two weeks, protected from dust Ten molecules of water are 
given off and a salt of ilic formula Isa}UPO<2(HA)) is obtained Dissolve 
11 S76 Gm of this in freshly distilled water and make up to 1000 c c 
To make standard solutions of different hydrogen ion concentrations 
m a graduated senes mix the two pHsphate solutions m the proportions 
shown in the foUouing table 



Place 10-c c quantities of these standard solubons m a series of Pyrex 
or Non-Sol glass test tubes, which must be of equal diameter as shown by 
the 10 c c of duid reachmg to the same height m eacli Add 0 5 c c. of the 
004 per cent bromtbymol blue indicator to each tube, and seal with a 
paraded cork Sets of standard color tubes covenng any pH range can 
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be purchased ready prepared together with empty tubes of the same 
diameter 

Method — 1 Place the standard color tube representing the value 
desired in one of the end holes of the front row of the comparator shown 
in Fig 369 If the desired %alue falls between two of the standards, place 
these in the end holes of tire front tow Place a tube of the untreated med 
lum back of each 

2 In a test tube of the same diameter place 10 c c of the medium to be 
adjusted agar or other solid medium being lu^uchcd by heat Add 0 5 c c 
of the 0 04 per cent bromthymol blue solution and mix 

3 From an accurate buret add decmormal sodium hydroxide solution 
a very htlle at a time, mixing after each addition until the color matches 
that ^ tJie standard chosen, or falls between the standards next above or 
below For comparison the tulie is placed m the middle hole of tlic front 
row of the comparator with a tube of water back, of it Note the amount of 

decmormal solution required to bring the 10 c.c 
of medium to the desired reaction This amount 
is then the amount of normal sodium hydroxide 
solution which must be added to 100 c c of the 
medium to secure this rcacuun After this has 
been added, the reaction should again be deter 
mmed as a check Most media particularly those 
containing sugars become slightly more acid 
during stenhaation and it 1 $ well when great 
accuracy is desired, to make a check determina 
Fg cobr ojni uon upon a lO-cc portion if the finished and 

paraiof (Clark g toodel) for jterUircd product which has been kept out for 
use ui aamsluig rcacuoo of ^ 
cullute media by the colon ^ 

uietnc method While the above techme is accurate, a mucli 

simpler method may be used for practical pur 
poses mth most culture media Test a few drops of medium at a time 
on a white Ule with broniUiyniol blue Add sodium hydroxide solution, 
a very bttle at a time to the entire amount of medium mix thoroughly 
and test the reaction The end point is reached when a sample turns 
the indicator dark green 

The opomum hydrogen ion concentralion for growUi of the more un 
portant bacteria, as deternuned by Fennel and Fisher, is as follows 


Pneumococcus 7 S 

Sutplococcus 7 &-7 8 

^Iciungococcus 7 6 

Gonococcus 7 5-7 6 

Banllus typhosus and B pmtypbosus 63 7 2 

Caallus dyscntcruc. 6.3-7 S 

Eiollus uUlucii 2 ae 7.8-S.Q 


Tubing Culture Media — The finished product is stored m flasks 
or distnbuted into test lubes This is done by means of a funnel 
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btted with a section of rubber tubing with a glass tip and a pmch 
cock Great care must be exerased, particularly with media which 
solidify, not to smear any of them upon the inside of the mouth of 
the tube, othermse the cotton stopper will stick Tubes are generally 
filled to a depth of 3 or 4 cm For stab cultures a greater depth is 
required 

After tubing all culture media must be sterilized, as already 
described Agar tubes arc cooled m a slantmg position to secure the 
proper surface for inoculation 

Storage of Culture Media. — ^AIl media should be stored in a cool 
place, preferably an ice chest Evaporation may be prevented by 
covenng the tops of the tubes with tin foil or with the rubber caps 
which are sold for the purpose, or the cotton stopper may be pushed 
in a short distance and a cork inserted * 

V STAINING METHODS 

In ^neral, bacteria are stained la determme their morphology, 
their reaction with special methods (for example, Gram’s method), 
and the presence or absence of certain structures, as spores, fiagella, 
and capsules Staining methods for vanou« purposes have been given 
m previous chapters and can be found by consulting the Index The 
formulae of the staining tluids are given m the Appendix 

Method of Staimog for Morphology. — The following method is 
used when one wishes to detect the presence of bactena or to study 
cheir morphology It is applicable both to films from cultures and to 
smears from pus or other pathologic material Any simple bactenal 
stam may be used, but Lofflers methylene blue or Pappenheim’s 
pyromne methyl green will generally be found more satisfactory 

1 Make a thm smear upon a slide or aiwr glass Heavy xvax pencil 
marks across the slide ivill limit the stain to any portion desir^ 

2 Dry in the air, or by narnung high above the Same, where one can 
comfortably hold the hand 

3 “Fix” by passing the preparation, film side up, rather sloaly through 
the flame of a Bunsen burner a cover glass three times, a slide about 
twelve times One can learn to judge the proper temperature by touchmg 
the glass to the back of the hand at intervals If the film takes on a brown 
ish discoloration, most marked about the edges, it has been scorched and is 
worthless Smears can also be ficsed by flaming with alcohol, as described 
for blood films (p 251), or by soaking for one to three minutes m a 1 pet 
cent solution of mercunc chloride and nnsing well The last avoids all 
possibility of spoihng the preparation by scorching 

4 Apply the stain for the necessary length of time, generally one- 
quarter to one minute 
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5 Wash in water 

6 Pry by waving high above a flame or by blotting with filter paper 

7. Mount by pressing the cover, film side down, upon a drop of Canada 

Kaitarq or immersioji oil on a slide Shdes may be examined with the oil 
nnmersion leas without a cover glass 

K^^ram’s Method. — ITiis is a very useful aid in differentiating 
certain bactena and should be frequently resorted to It is very 
easy and should not be the bugbear which it apparently is to many 
students It depends upon the fact that when treated successively 
with gentian violet and iodine certain bacteria (owing to formation 
of insoluble compounds) retain the stam when subsequently treated 
Tnth alcohol, whereas others quickly lose it The former arc called 
gram-^osibie, the latter, gram-negattsc In order to tender gram 
negative organisms visible some oontrastmg counterstam is com* 
monly apphed, but this is not a part of Gram's method proper The 
following modification of Gram’s method, suggested by G H RuhJand, 
has been m daily use m The hlayo CIuuc for many years '■ 

1 hfake smears, dry, and fix by beat or mercunc chlonde (p 251) 

2 Coses the preparation for lulf a minute with a 2 per cent solution 
of crystal violet in methyl alcohol of the highest purity This stain is much 
more satisfactory than the unstable amlme gentian violet originally used 

3 Wash with water 

4 Apply Gram’s iodine solution ono>balf minute 

5 Wash in alcohol until the purple color ceases to come off This is 

coavenienUy done in a watch glass Tbe preparation is placed m the alcohol, 
face donuward, and one edge is raised and lowered with a needle As long 
as any color is coming off, purple streaks will be seen diffusing mto the 
alcohol where the surface of the fluid meets the smear If forceps be used, 
beware of stain which may have dned upon them The thinner portions of 
smears from pus should be practiciUy colorless at this stage Microscopically, 
the nuclei of pus corpuscles should retain little or no color //, ‘>vUh -proper 
techtiiCf gram postlne orgafiums are dccalorrud, the fault prohMy lies tn the 
iodine solution, -which tends to become aetd when long exposed to light It can be 
corrected by adding a pinch of sodium bicarbonate to the bottle of solution Ace- 
tone, suggested by Lyon, has come mto extensive use, in place of alcohol, as 
a dtttAtjrati ki %tty tjcftc’a’fp rmi is genera!^ very satiriactory 

6 Apply a contrast stain for one-half to one minute The slams formerly 
used for this purpose were an aqueous or alcohohe solution of Bismarck 
brown or a weak solution of fuchsm A 1 per cent aqueous solution of 
safranin is very much better Pappeoheun's pyronine-methyl green mixture 
if properly made is also satisfactoiy, it bnngs out gram negative bactena 

I Saoford A. n Modified Grain Stain (RuUasd), Tour Lab and CLn. Med~ 10 
668 (May), 1925 
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sbaxply, ajid 35 especially desirable for intracellular gram negative organ 
isms like the gonococcus and influenza bacillus, smce the bacteria are bright 
red and nuclei of cells blue 

7 Wash m water, dry, and mount 


rbe more important bactena react to this stainmg method as 
follows 


GKAU SrAINIKC 
(Deep purple) 
Staphylococcus. 

Streptococcus 
Pneumococcus 
Baailus diphtbenae. 

Baallus tuberndosis. 

Badllus of anthrax. 

Baallus of tetanus. 

Bacillus aerosenea capsulatus. 


Gbau HECOtotmua 
{Odorless ticless a countersUin be used) 
Gonococcus. 

Meningococcus. 

Micrococcus catanhalis 
BaoUus of taBueona. 
Typboid~<IyscQtery<aIoQ group 
Spinllum of Asiatic cholera. 

Baallus pyocyaneus 
Baallus ot Fnedlander 
Koch Weeks baallus. 

Baallus of hlorax Axenleld 


MoUer’s Method for Spores — ^Bodies of bactena are blue, spores 
are red 

2 lifake thm smears, dry, and fix 

2 Wash m chloroform for two minutes 

3 Wash m water 

4 Apply 5 per cent solution of chromic aad one-half to two mmutes 

5 m water 

6 Apply carbolfuchsm and heat to boding 

7 Decolonze m 5 per cent solution of sulfunc aud 

8 Wash m water 

9 Apply 1 pcrcentaqueoussoIutiooofmethyleQeblueoQe-halfmmute 
10 Wa^ in water, dry, and mount 


Himtoon's Method for Spores — This method is simple and ap 
pears to be very reliable Spores are deep red, bodies of bactena are 
blue 

1 Make a rather thick smear, dry, and fix m the usual way 

2 Apply as much of the stain os will remain on the cover gloss, and 
steam o\ er a flame for ofic minute, replacing the stain lost by evaporation 

3 Wash in water The film IS bngbt ted 

4 Dip the preparation a few tunes into a weak solution of sodium 
carbonate (7 or 3 drops of saturated seduUoa in a glass of water) Too long 
application of the carbonate will cause the spores to be blue 

5 The instant the film turns blue, rmsc well m w-atcr 

6 Dry, mount, and examine. 
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Preparatiott oj Siam . — 


1 Aad fuchsin (Crilbler) . . . . .4 Cm 

Aqueous solulioa aceuo 3£id (2 per cent) . . . 50 cx. 

2 Melbjlene blue (GillWor) . ... 2 Cm. 

Aqueous solution accuc aad (2 per cat) 50 cx. 


Mix the two solutions, let stand for fifteen minutes, and filter oQ the 
voluminous precipitate through moistened filter paper. The filtrate is 
the staining fluid It keeps several weeks, but requires filtration when a 
precipitate forms. 

Lofflei’s Method for Flagella. — The methods for liageUa are ap 
plicable only to cultures. Enough of the growth from an agar culture 
(which should not be more tlian eighteen to twenty four hours old) 
to produce faint cloudiness is added to distilled water A small drop 
of this is placed on a cover glass, spread by tilling, and dried quicUy 
The covers must be absolutely free from grease To insure this they 
may be warmed in concentrated sulfunc acid, washed in water, and 
kept In a mixture of alcohol and strong ammonia When used the;’ 
are dried upon a fat free doth Coters may be dried without touching 
them with the fingers by rubbing between two blocks of wood covered 
mth several layers of lint-free doth. 

1 . Fix by heating the cover over a flame while holding m the fingers 

2 Cover with freshly filtered mordant and gently warm for about a 
minute 

The mordant consists of* 

Aqueous soIuUod of laonie aad (20 per cent) 10 c c. 

Saturated solution (erroussulfjle. cold 5 

batuiated aqueous or alcoiwtiCsoluUOA genton violet 1 “ 

3 Wash in water 

4. Apply freshly filtered aoilme-gentiao-violet, warming gently for 
one-half to one minute. 

5 Wash in water, dry, and mount in balsam 

Capsule staining methods are ^ven on pages 53 and 54 

METHODS OF STDDYIWG BACTERIA 

The purpose of bacteriologic examinations is to determine whether 
bacteria are present or not, and, if present, their spedes and com- 
parativc numbers. In geneml, this is accomplished by; (if Direct 
microscopic examination; (JQ cultural methods;^ animal moculation 
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1. Direct Microscopic Examination. — Every bactenologic ex 
ammatzon should begin with a microscopic study of smears from the 
pathologic material, stained wth a general stain, by Gram’s method, 
and often by the method for the tuberde bacillus This yelds a great 
deal of information to the expenenced worker, and in many cases is 
all that IS necessary for the purpose m view It will at least give a 
general idea of what is to be expected, and may determine future 
procure 

-ri. Cultural Alethods. — (1) CoUectioa of Material. — Matenal for 
examination must be collected under absolutely aseptic conditions 
It may be obtamed with a platinum or mdirome wire loop — which 
has been heated to redness just previously and allowed to cool — or 
with a swab of stenie cotton on a stiff wire or wooden applicator 
Such swabs maj be placed m cotton stoppered test tubes, stenhzed, 
and kept on hand ready to use. Flmds which contain very few bac 
tena, and hence require that a considerable quantity be used, may 
be collected m a stenie hypodermic sj nnge or one of the pjpets de 
senbed on page 760 The method for blood ^Itur^ is ^ven on jaage 
J 88, for sputum, page j U fo r uring, page ia7..-f or feces7page'S8i 

(2) IiiocuiatingSeSla — The matcnal is ihordughiy diunbuted 

over ^e surface of some solid medium, Huntoon’s hormone agar being 
probably the best for routine work Blood agar is preferable for strep- 
tococa and pneumoooca Use plain nutrient agar without de.xtrose, 
to which oxalated or atrated blood has been added, for blood agar 
plates to diSercntiate hemolytic and nonhemolytic strains Speaal 
media are required for the gonococcus, tubercle baallus, and the 
hemophilic group ^Vhca previous examination of smears has shown 
that man> bacteria ate to be expected, a second tube should be m 
oculated from the hrst, and a third from the seoind, so as to obtain 
isolated colomes m at least one of the tubes The platinum or m 
chrome ware must be heated to rednesa and af/er each inoculation 

SMien only a few organisms of a single speaes are expected a con 
siderable quantity of the matenal is mixed with a fluid medium 

(3) Incubation — Cultures are placed m an incubator which main 
tarns a uniform temperature, usually of 37 S'* C , for eighteen to 
twenty four hours, and the growth, if any, is studied as described 
later Gelatin will melt wnth this degree of heat, and must be meubated 
at about room temperature 

of Cultures — ^\'hen the ongtnal culture oontams more 
than one speaes, they must be separated, or obtained in “pure cul 
ture,” before they can be studied satisfactonlj This must be done 
as soon as possible, since some pathogenic organisms quickly die 
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out in cultures To accomplish this it is necessary so to distribute 
them on solid media that ^ey form separate colonies, and to inocu 
late fresh tubes from the mdividual colonies In routine work the organ 
can be sufficienlly dislnbuled by drawing the contaminated wire 
over the surface of the medivan in a senes o£ streaks If a suffiaent 
number of streaks be made, some of them are sure to show isolated 
colonies Another method of obtainmg isolated colomes is to moc 
idate the water of condensation of a senes of tubes the Jirst fron^ the 
second, the second from the third, etc., and, by tilting, to flow the 
nater once over the surface of the medium One or more of these 
tubes will be almost sure to show mcely separated colonies 
'-<In order to determine th ^speges to which an organism bebngs it 
IS necessary to consider some or all of the following points 

■4^ Naked-eye and rafcroscopic appearance of the colonies on 
vanous media 

^(p) Comparative luxunance of growt h upon various media The 
tnfluenzaJbjLCiilus, for ex^ple, can be gow n upon media containing 
hemoglobin . buCnot on the ord inyy media 

i<}^[orphology, staming, tcaclfons . and the presence or 

absence of snores , flagella , and capsUes Stainmg'methods for these 
purp(«es ha\ e been giv en ^ 

Motility This 13 determined by observing the hvmg organ 
ism with an oil immersion lens m a banging drop preparation made 
as follows A small drop of bouillon culture or of water of condensation 
from an agar or blood serum tube is placed upon the center of a cover 
glass, and over this is pressed the concavity of a 'hollow ground 
slide’ previously ringed with vaselm The slide is then turned over 
so as to bring the cover glass on top In focusing, the edge of the drop 
should be brought into the field Great care must be exercised not to 
break the cover by pushing the objective against it 

It is not always easy to detennme whether an organism is or is 
not motile since the motion of currents and the brownian motion 
which affects all particles m suspension are sometimes very deceptive 
Production of chemical ch an ges in the m edia Among these 
are coagulation of. m ilk production of agd in milk and v anous sug ar 
medn.t o which htmus has been_addcd to detect c hange, pro 
duction of gas in sugar jnedia the bactena belng^own m iermenta 
Uon tubes sunilai to those used for sugar tests m urine, and produc 
Uon ^mdol 

Abihty to grow without free oa^gen 
Effects produced when uiocuhit«i into animals 
(5) Anaerobic Methods -'Some bacteria, the obligate anaer 
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obes ,” will not grow unless f r ee oxygen m exdudg d This may be ac 
complished in various wajs Brewer^ has de\el^d a \ eiy satisfactory 
jar for growing anaerobic organisms on plates in an atmosphere en 
tirely free of osygen He has utilized an old prmaple of Laidlaw, a 
jar devised by Fildcs and Afclntosh a nd improi ements made by 
Brown, but none of these methods embodied the safety factors de 
veloped by Brewer as illustrated in Fig 370 Hydrogen o r lUuminatmg 
gas IS introduced mto the jar m a stead y stream An^elec& lcallv 
fitted catalyst causes the oxygen, to_ c o mbine with the, hydrogen to 
form water, or.with illuminatmg gas to form.watELandcarbon diqxa^ 



Sloisture collected on the walls on the inside of the jar mdicates the 
proper operation of the apparatus 

The S pray^ method eUminates the use of complicated apparatus and is 
particularly useliU to isolate anaerobic or^nisms on a culture plate The 
dish (Fig 371) which is used m this method, is composed of two parts The 
cover of an exceptionally well made Petn dish, which measures 100 by lo 
mm., serves as the hd The inoculated agar medium is poured mto this hd 
The lower part of the dish has a rolled up edge This forms a moat which 
allows the dish to be sealed The lower part of this dish is divided by an 

1 Btewer, J H A Mod)£caUoa ol the Bnwni Aaauobe Jar, Joui Lab & CUn 2>Ied., 
1190-1192 (Aus ), 1W9 

* Spray, R. S improved Aoaeiobtc Cblture Diah, Jour Lab and Out Aied., 16 
205-206 (Nov ), 1930 
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impressed ndge Four c c of 40 per cent pvrogallic acid are placed on one 
side of th« ridge, and 10 c c of a 20 per cent solution of ^dium hydron de 
are placed. o n-t Jie^ oth er side When the culture medium in the upper disE 
liiS^lcn imcukled, the upper P»rt of the dish is inverted over the lower 
compartment, and IS sealed air tight wrjth melted paraf&n The two chemicals 
are mixed by Upping the dish shghtly and the oxj-gen m the entire chamber 
mil be removed by the chemical reaction 

Brewer* h as de veloped a clear , liquid medium which is plac ed m reg ular 
culture tubes^ without any t ^iae of ^1, and Which will remam capable of 
grovnng anaeroSic bacteria' for more than a month Sodium thioglycoUate, 
0 1 per cent, mamtams the oxidation reducUon potential The formula is 
pork infusion solids 1 per cent, peptone 1 per cent, sodium chloride 0 5 per 
cent, sodium thiogl ^ yxoll ate 0 1 per cent, apr 005 per cent, which suDcns 
the medium sUgnllyj dextrose I 0 per ccnl~(which may be omitted), and 
methylene blue 0 0002 per cent The final is 7 5 The medium may be 





purchased m powdered {otm and is most easily prepared by dissolving 36 5 
Gm of the dry powder in 1,000 cc of distilled water Bod the soIuUon 
for a mmilte, and then place about 15 c c m 6 x J inch culture tubes Auto* 
ckve in the usual manner and store ui a cupboard at room temperature, not 
in the refrigerator The medium is clear, broth color, except at the surface 
where the methylene blue mdicates aerobic conditions The moculatioa for 
anaerobes should be made deep m the mecUutn 

lltihzing sodium thioglyco&teiii a solid medium, Brew ei hasdevised still 
anothersafety method for growing anaerobes Add2gm of sodium thiogly 
collate and 1 Gm of sodium formaldehyde sulfoxylate to a liter of 1 per 
cent dextrose mfusion agar containing t c.c of 1 500 solution of methylene 
blue Pour about 40 c c amounts of the liquefied medium into 100 by IS 

^Bmer, }H A Clear Liquid Medium for the Aerobic" CultivaUoa of Anaerobes 
Jour Bact 39 10 (Jan.), 1940 

’ Brewer, J IL A New Petn Dull Cover and Technique lof Use m the Cultivation 
of Anaerobes and Micro-aerophiies Soeoce 95 587 Gune 5} 1942 
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mm P ctn dishes r he important part ot this m ethod is the_us e_of a ne w 
Petn dish cover wbiclv is pressed onto the moculated culture medium in 
such a nay as to make an air seal and yet ]eave a slight air space above the 
surface as illustrated m figure 372 The reducing agent m the medium uses 
up the oxygen m this small amount of air and an anaerobic condition 
develops 

tubes of dextrose.bram broth (p 764), nhich arc sealed tight with 
paraffin, may be used for growing many types of anaerobic organisms The 
organisms wUl be found growing near the bottom of the tube 

\.( 6 )^l 0 Qd Cultures. — Typhoid haalli can be detected m the blood 
m practically every case o f tvohoid fever i n the firet week of the 
disease, in about 80 to 85 per cent of cases in the'second-TveekraM’' 
in decreasing percentages m the later weeks The blood culture, there- 
fore, offers the most certain means of early diagnosis It is m a sense 
complementary to the Widal reaction, the former decreasing and 
the latter increasing m rehabihty as the disease progresses The blood 
culture gives best results before the Widal appears, as one would 


AoMralue Petrt WsS Cov«>» f 

^Alr apace J 


AnAarobtc 

Fig S73 —Crou section thoniog useof pregfr anaerobic Petn dish cover 

expect from the fact that the Widal test depends upon the presence 
of antibodies which are mimical to the bacilli The two methods to- 
gether will cstabhsh the diagnosis m practically every case at any 
stage Bacilli disappear from the blood in convalescence and reappear 
in a rela p^ _ 

In general, blood cultures should be undertaken in all cases of 
bng continued fever of unknown etmlo gv Cultures may be more 
successful if made at a time^’hca the tewperature is using ibaa when 
it is falling In septicemia and m.-ilumant endocarditis cultu res»are 
nearly always positive, the organisms most frequently found being 
btreptococa, staphylococci, and pneumococa Janeway* advocatec^the 
addition of p ammo benzoic aad, 5 mg per 100 c c , to medium toat 
is to be used for blood cultures if the patient has beenTreated with 
sulfonamides This aad neutralizes the inhibitory effect of these bac 
tenostatic drugs, without in itself inhibiting bacterial growth Strep- 

* Jaseway, C A Iklftbod for ObUiiuog Rapid Bactena! Growth in Culturea frozu 
i auents Under Treatment with Sulfonamufes /our Am. Med Asan l/(f'94t-942 
(Mar 8) 1941 
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tococa, usually S treptococcus vmdans, or more rarely, staphylococa, 
can be recovered intSTgre^majonty of cases of subacute endocar 
dili5_if_ repeated cultures be made Among acute infectious (biases 
and acute epidemic menin gitis show bactenenua m about 
half of the cases BlootTcuitures are ^bst always negative m otitis 
m e^dia_ but usually become positive (showing streptococcus as a' rule) 
"when the inflammation extends to the lateral sinus or menmges The 
author has seen a case of meningococccmia m an infant who never 
developed memngitis and who spontaneously recovered from the 
infection 


Bfpod.Ciil^fps.— yljfta/i/flfar — It IS nccessary to have ready 
a stenle sjarngc and one or more flasks or tubes of aliate solution or of 
fluid culture media. 

A high grade all glass s>TU)ge is best The syringe and needle may 
be stenUaed by boiling them for ten mmutes, or by WTappmg in a towel and 
sienluing m the autoclave When it is desired to keep a synngc on hand 
ready for use it is placed, with needle attached, m a large cotton plugged 
test tube, m the bottom of which stands a short section of glass tubmg into 
which the needle is inserted to protect its pomt, the lop of the tube is 
covered with several lasers of gauze which should be folded closely about 
Its neck and tied vath a string and finally the tube and s>Tuige are ster 
ihzed in the hot air oven at 150* C for one hour In some laboratories it 
may be found more satisfactory to keep the syruigcs and needles on hand 
simply wrapped in towels and stenhzed in the hot atr oven 

A number of small cotton plugged flasks or large tubes are charged 
with 5 to 10 c c of otrate solution (2 Gm sodium citrate, 0 6 Gm. sodium 
chlonde, 100 cc distilled water), stenlued in the autoclave, and kept on 
hand ready for use Before slenUzation the tops of the flasks or tubes are 
covered with moderately heavy paper, which is folded neatly about the 
necks and held in place with rubber bands Instead of atrate solution 
SQme. Drefcr citrated broth ot . m certain cases a fluid medium without 
citrate, as dextrose brain br^i 

In private practice the use of the Keidel vacuum tube charged with 
n itrated ^^rotln s very satisfactory (Tie 93, p 194) 

Techmc — (o) Securg.5 to 20 c c. o f blood from a vein m a stenle syringe 
under stncUy aseptic conditions (p 193) 

^6) Immediately remove the nee^e, place the blood m the or 
tubes of atrate solution desenbed, adding about as much blood as there 
IS solution in the container, and mix by gently shaking The atrate pre- 
vents dolling and facilitates handling m the laboratory later 

(c) At the laboratory mix the aStaXi&i blood with appropriate media 
and place in the meubator Great care must be everased to avoid con 
taromalion of media when the cotton stoppers are removed or replaced 
There is less danger of contamination if the blood is transferred by means 
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of a stenle cotton plugged pipet than if it is poured from flasLs or tubes 
A portion of the citrated bloc^ is mued mth nutnent agar, which has been 
jndted and cooled to 45® C , and is at once poured into Petn dishes The 
usual proportion is about 1 part of atrated blood to 3 or 4 of agar The 
remainder is distributed among flasks or tubes of fluid media, usually in 
the proportion of 1 c c of blood to 20 c c or more of mediurm 

Esamine the cultures daily Do not discard any as negative for 
ten dajs or two weeks Growth in fluid media contammg an indicator is 
evidenced by change in color of the medium Staphylococci m^veim 
usually grow readily in the twenty four hours, and the colonies are 

deep m the plates as well as on the surface Growth of a few sur&ce colonies 

only, commonly means contamination On the other hand, streptococci 

and pheumococa do not appear for forty-eight hours or longer ^nes of 

hemolj-sis or of green pigment production about the colonies of the vanous 

t>'pes of streptococci or pneumococa are readily noted on the plates 

Instead of using atrate solution as above described, it may be desirable 

m some cases to place all or part of the blood directly into fluid culture 

media_at the bedside, b ut a relatively large volume of the medium must 
then be used, usually no less than oO c c for I c c of blood 
w> €iihHre Ifcdtq — The choice ot meda, depends on the organisms « 
pected- The nutnent agar t^tes described are generally prepared routinely 
A medium containing bile is preferred for baalh of the tvphoid paratyphoid 

group For streDtooaca and pneumococci and for general purposes, a good 
medium is nutnent brpth to which one fourth its volume of stenle ascitic 
fluid has been sUil better mechum is devtrose bram broth (p 

764), or Kracke’s medium (p 764) Streptococci and pneumococci grow 
well m tms, especlaily in the deeper portion Growth is indicated by a 
pink colo r due to formation of slight acidity, as well as by the usual change 
m turbidity 

Enumeraiion of Bactma tn Blood — When it os desired to count the 
bactena, a deflnite amount of blood from a vein, measured as accurately 
as can be done with a graduated synnge, is mixed at the bedside with a 
measured amount of the atrate solution described above At the laboratory 
definite amounts of this atxated blood are added to tubes of melted nutnent 
agar by means of a stenle graduated pipet and poured into Petn dishes 
When colomes appear, the number of colomes for each plate is counted and 
the number of bacteria for each cubic centimeter of blood can then be cal 
culatod 

'^lood Cwf(ur« loT rvO/ipid , .goc!7/i.-— These are mentioned separately 
because they offer the most valuable means of earl> diagnosis of typhoid 
and paratyphoid fevers and are so simple, owing to the large number 
of bacilli usually present m the blood m the first week or two of the disease 
and to the rapidity with which they grow, as to require httle bactenologic 
expenence or equipment The blood is obtained from a vein as desenbed 
and placed at once into a small flask or large tube containing three or four 
times Its volume of jix bile medium (p 776) or nutnent broth with 2 per 
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cent o! sodium atraU Both medu prevent coagulation of the blood, but 
the bile medium is pref erable m pnvate practice because it is very easily 
prepared, and because ir Tavors the growth of the typhoid grouELoLb acill^ 
t vhile It retards that of ^iverl i actSirsuck as^^taromatog sl>m cocci 
In e\ ery case a small amount oftlie blood Siould be reserved for the Widal 
test, 

Cultures are placed in the incubator as soon as possible after the bipod 
IS added, and at the end of twelve and Uventy four hours are esamuied for 
motile baolli by the banging drop method If ncme is found transfers are 
made to slants of nutrient agar, or better, htmus-lactose agar, and incubated 
for twelve w^twenty four hours longer On litmus-Iacto« dgar colonies of 
contaminating staphjlococa ate pink If gram negative bamlU are found 
they are presumably tiphoid or paratyphoid baciih Further study is 
however, necessary to identify them with certainty, and appropriate media 
(p 798} should be inoculated from the growth, or if there be contamination 
from isolated colonies obtained as described on page 7S4 Tlie agglutination 
test (p 662) should be used if agglutinating scrum is at hand, but it must 
be remembered that freshly isolat^ bacteria do not agglutinate well 

v^^nimal Inoculatroii"^-^irclinIcal work th is is resortcd's.to 
chiefly to detect the tubercle bacillus Jipie juethod is desenbed on 
page 607 

Tor the study of bactena m cultures a small amount of a. pure 
culture 15 injected subcutaneously or into tbo pentoneal cavity The 
animals most used are guinea pigs, rabbits, and mice For intra 
venous injection the rabbit is used because of the- easily accessible 
marginal vein of the car 

Vn. CHARACTEWSTICS OF VARIOUS IMPORTANT BACTERIA 

Following IS a brief descnption of those bactena that are com 
monly encountered in the cbnical laboratory There is also included 
a group o! important pathogenic bacteria ^at ore not so common 
but whose characteristics should be known to the laboratory worker 
The common name of the organism is given, and also in parentheses 
the name as given in the new classification of bactena in the latest 
eduinn. of Becgiv’s. Manual of Deteccojnaiiive <5 S(19\ 

1. Staphylococcus pyogenes aureus {Staphylococcus aureus) — 
‘Boils” and abscesses are usually caused by this organism The mor 
phology and stammg reactions (p 588) and the appearance of the 
colonies are sulfiaent for diagnosis Colonies on solidified blood serum 
and agar are rounded, dightly elevated, smooth and sinning, and 
vary in color from light yellow to deep orange Young colonies are 
sometimes white 
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3. Staph>lococcus pyogenes albus {Staph^lococctis albiis) — 
rhis IS similar to the preceding, but colonic are labite It is gencr 
oUy less virulent and is found on normal skin 

3 Staph j lococcus pyogenes citrcus {Staphylococcus cUrcus) — 
The colonies are lemon j-ellow, otherwise it resembles the white 
5taph> lococcus 

Chapman, Berens, Nilson, and Curcio* concluded that the coagu 
la^e test is the most reliable single test for distmgmshmg pathogemc 
from nonpatho^nic staphjlococa Coagulase postU\e strains ate 
usuall> pathogenic regardle ss of color produced on a solid medimiT* 
IbMcst is performd 

loo p ful^ T^tu re from solid medium with 0 5 c.c. of fresh 
oxal^cd or citrat^ human plasm a, AftcPshakmg thoroughly, allow 
the imxture to stand m the meubator at 37* C over night TVny forma 
tion^f ^bnn is cons idered to be a positue test a nd usually means that 
the organiam is pathogemc 

•1. Streptococcus — The morphology and staining reactions have 
been described (p 588) The chains are best seen in the water of con 
densation and m bouilloa cultures The coca are not motile Colomes 
on blood serum are minute, round, grayish, and translucent Litmus 
milk is usually aadihcd and coagulated, although slowly 

Wlicn coca of the morphology of stieptococa are found it is first 
necessary to distinguish them from pneumococa to which they are 
clo«eIy related Their colomes on ordinary media are similar The 
following pomts wiU probably be suffiaent 

Capsule Formation — ^The great majonty of stieptococa do not 
possess capsules Pneuroococa usually show them in pus or m other 
material fresh from the ammal body, or when grown on a serum 
medium 

Fermenialion of Irtuhii — ^The pneumococcus generally coagulates 
and aadihes Hiss’ serum water htmus inulin withm twenty four 
hours. The streptococcus rarely ferments inulin and then only after 
four DT Teve days The -wnttr briievcs lias \o be an tas-lieme^y vabiaWe 
differential pomt 

Solubtliiy m Bih — Fueumococa are soluble m bile, streptococa 
are not The test is earned out as follows To a twenty four hour 
broth culture of the organism add one tenth to one fifth its volume of 
stenle 10 per cent solution of sodium taurocholate in physiologic salt 
solution or of ox bile medium (p 776) which has been filtered as 

) Chaptaao, C. H., Bereas Connd, Nilsoo Edith and Cuioo, r.illian G The Dii 
/efeoUatioa of Pathogemc Staph>locoai fioni Noapathogemc Tj^ies, Joar B«ct, J5 
iU 3S4(Mar) 193S 
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clear as possible and steriliaed Place m the incubator for one hour 
If the organism is bile soluble the turbidity of the culture will clear 
up, and subcultures made from this culture will not show growth 
The streptococci have been mudi studied of late, and a great 
number of strains have been separated upon the basis of carbohydrate 
fermentation From the clinic^ and pathologic point of new, it is 
doubtful whether such a classification offers any advantage over the 
simpler one based upon the appearan<» of the growth upon blood 
agar This distinguishes three groups 

Bmolylic Streptococci — ^Tlie oolomes on blood agar, after twenty- 
four or forty eight hours are surrounded by a clear colorless zone 
2 to 4 mm wide, due to hemol>-sis This group includes most of the 
virulent strains, such as Streptococcus pyogenes, Streptococcus scar 
laltnae. Streptococcus epidetntcus, and Streptococcus angDwsus In 
hqmd media they tend to grow m long chains 

Green producing Slreptocout — Fhe colonics on blood agar are sur 
rounded after twenty four or forty ei^t hours by a cloudy, greenish 
zone about a millimeter wide These are commonly included under 
the name Streptoeocens saliianus {S vtridam, S tniltor) They are 
less actively virulent than the bemolyzing type and often associated 
with mild, chronic mdammaUons, and also in subacute bacterial endo 
carditis m which it is isolated often from the blood stream Certain 
nonpathogeme strams are also included In liquid media they tend 
to grow m short chains 

Anheniolyitc Streptococci — ^These cause no change in the surround 
mg medium The ;^oup is practically limited to nonpathogeme strains 
It IS important to remember that these reactions on blood agar 
depend largely upon the use of a proper medium The optimum reac 
tion of the agar is about pH 7 4, and not more Uian one tenth its 
volume of blood should be added The plates diould be freshly poured 
m order that the surface may be moist 

5. Pneumococcus {Dtplococcus pneumoniae ) — The only organ 
ism with which this is likely to be confused is the streptococcus The 
distinction, which is sometimes diffiodt, is described above 

The morphology and stuiung of the pneumococcus have been 
described (p 52) In cultures it frequently forms long chains Cap- 
sules ate not present in cultures except upon special media The> 
show best upon a serum medium like that desenbed for the gono- 
coccus, but can frequently be seen m milk Colonies on blood serum 
resemble those of the stieptocorxus Colomes on blood agar show a 
green zone like those of Streptococcus ctndaus The pneumococcus 
usually promptly aadihes and coagulates milk and acidifies and 
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coagulates Hjss’ scrum water with mulm The very valuable “bile- 
solubihty” test is described tit the section upon the Streptococcus 
Upon the basis of immunolopc reactions thirty two types of pneu 
mococci are now recognized Types I and II arc the typical pneumo- 
cocci T>pe HI has large distinct capsules and viscid colonies, and 
IS hnoivn as Pneumococcus mucosus {Dtplococcus mucosns) It has 
some of the charactenatics of the streptococcus and was formerly 
known as Streptococcus mucosus capsulatus Strains have been found 
\shich bemolyzed blood, did not ferment mulin, and Tierc not bile 
soluble The pncuraococa of the normal mouth arc most frequently 
of this type For Types I, If, and IH specitic immune sera can be 
prepared by mjectmg suspensions of killed pneumococci into appro- 
priate animals (horses, rabbits) These sera are extremely useful in 
the laboratory for determining the type of newly isolated organisms, 
and Type I serum has great value m the treatment of pneumonia 
In 454 cases of lobar pneumonia Avery, Chickenng, Cole, and 
Doebez found the incidence of the types to be as follows Type I, 
33 3 per cent, Type II, including three subtypes, 33 4 per cent, Type 
nr, 13 per cent , other types, 20 3 per cent 

determination of Pneumococcus Types. — ^\Vhen pure cultures 
of the organism are at band, the type is readily determined by means 
of agglutination tests with immune sera of Types I, U, and IIL 
Encapsulated gram positive coca which are bile soluble and are not 
agglutinated by any of the three were assigned to Type IV Type IV 
has now been subdivided serologically into twenty mne other groups 
Clinically, typing is generally undertaken in order that the patient 
may have early benefit of curative scrum Time is lacking for careful 
culturing and isolation of the organism by the usual methods Several 
methods arc available, three of which arc given below In the first 
of these inoculation of mice is resorted to Pneumococa are very pa 
thogenic for mice and outgrow practically all other organisms, and 
appear in the blood m pure culture Another method, which is not 
avatlshle in aU esses, eUrsets the antigen from the sputum, and this 
IS at once identified by precipitm tests without need of isolation of the 
pneumococcus The Uurd method is a rapid, staining method 

Method of Avery, Chickenng, Cole, and Doche; — A small mass of 
the sputum, as fresh as possible, is washed gently n several changes of 
stenle saline The mass is then ground m a sterile mortar with 1 c c of 
sterile saline and injected into the peritoneal cavity of a white or gray 
mouse The mouse will appear sick withm five to twenty four hours A 
small drop of peritoneal exudate is then obtained by peritoneal pimcture 
with a sUnie capillary pipet through a slight incision m the skm, and 

37 
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smears are prepared Should these show only a moderate growth of pneu 
mococci, or if other organisms are present in considerable numbers, time 
should be allowed for further growth If there is an abundant growth of 
pneumococci, the mouse 13 killed, lied out upon a board, and the body 
opened ascpUcally Cultures upon Wood agar are made from the heart’s 
blood and peritoneal exudate, and also smears from the latter to be stained 
by Grams method and a capsule slain The peritoneal cavity is then 
thoroughly washed out with 4 or 5 c c of sterile saline by means of a capil 
lary pipetand the washings are collected m a centrifuge tube Theagglutina 
tion test and precipitin tests arc then applied to these washings as described 
m the following paragraphs The cultures from the heart’s blood and the 
peritoneal exudate arc earned through m the usual way, the organism is 
isolated, and confirmatory agglutination tests are applied 

Ag^utinatton Test — This may be applied to the peritoneal washing 
mentioned above or to any pure culture of Uie pneumoccocus in broth 
The fiuid is cenlnfugalizcd for a few minutes at low speed to throw down 
leukoc> tes and debns, and the supernatant fluid which contains the bacteria 
is pipeted into another centrifuge lube This is cenlnfugalizcd for a long 
time at very high speed to throw down the pneumococci The supernatant 
Quid, which should be as clear as possible, is pipcted into another tube to 
be used for the precipitin lest, and (he sedimeat, which consists largely of 
bacteria, is mixed with just enough sabne to give a turbid suspension 
Agglutination' and bile solubility tests are then set up u> a senes of five small 
test tubes (about 8 X 50 mm ), as follows 

TuU t SiCUnil tuspecision, 0 9 c«. -p T)‘pe I senim d luted I 0 5 CA. 

Tube 2-«BMleniiUusc>en$ii3a 0 9 cc. -P Type il Krum uo tilled 05e.e. 

Tube l^Bacienut su*pcn loa 0 S cc + Type 11 srrum d luted I 20 0 5 c.c. 

Tube 4— Bacunal suspen«wn 0 5 cx + Type lU scnjro J l«vtd 14 05 wt. 

Tube 5— Bacteiul guspeiuioQ 04 c c. -p Stenie ox bile or 10 pci Lcot sodium 
taurocbolate, 0 1 cx 

The tubes axe placed in the incubator for one hour Agglutination is 
read mactoscopically as has been described for the \\ idol test Bile solu 
bility IS recognized by the cleanng up of the turbidity in Tube 5 The 
tube m which agglutination occurs indicates the type of the pneumococcus 
under examination since its IjTie must correspond to that of the scrum which 
agglutinates it Strains which are agglutinated by Tips 11 scrum undiluted 
(Tube 2), but not by the same serum diluted 1 20 (Tube 3), belong to one 
of the subgroups (a, b, x) of T^-pe U Strains which are soluble m bile, 
but do not a^Iulinate m any tube, are placed la Tjpe IV 

Prtcipum Test — This is applicable to the peritoneal washings men 
tioned above, and is undertaken when there are so many contanunating 
organisms as to make the aggluimaUon test uncerUia It may fail if too 
much saline was used for the washings The fluid must be cleared as much 
as possible by long ccnlnfugauon ai high speed The test is set up as follows 

1 Immune for these ie«u may be obtused Ixom the biolofjca] auppl/houM*. 
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Tube 1 — Penloncal washings OJ ct + Type I scrum diluted 140 0^ cc. 

Tub«2— Pentoncal wash ngs,0Scc + Tjpe ll scrum, und luted O 3 tc. 

Tube 3 — PtnlonraJ wash ngs, 0 5 c.c + Tj-pe II serum d luted 1 10 0 5 ex. 

Tube 4— Pentoncal washings 0 S ex. + T>’pe UI senim, diluted 1 4^ 0 S c c. 

The test is more delicate and the results more easily read if the serum 
IS introduced mlo the tube inth a capillary pipct so as to form a Ia>er under 
the peritoneal washings At the juncture of Uie twxi liquids a white cloud 
IS formed 

A positive reaclion in any tube is shown by the appearance of a white 
cloud The interpretation is the some as that given above for the agglutina 
UOQ lest. 

Rapid Method of Oliver — ^This method is applicable only when satis- 
factory samples of sputum, contamiog many pneumococci, can be obtained, 
which, however, is possible in neatly all l>pical cases of lobar pneumonia. 
The t>pe of pneumococcus present can be determined within one-half to 
three-quarters of an hour BncQy the method consists in treatmg the sputum 
with bile to dissolve the pneumococci, and thus hlierate its specific pie 
cipitable substance, and then m applying the prccipitm test with the 
several specific antisera 

1 Select the portion of sputum most Iihely to contain many pneumo- 
cocci This IS usually the most purulent or blood sircaLcd portion Make a 
smear and stam by Cram s method to coniinQ the presence of the pneu 
xaoroccus 

2 Place I to 2 c c of this sputum m a conical centnfuge tube, and 
add 3 to 5 drops of 10 per cent s^ium taurocholate or of undiluted sterile 
ox bile 

3 tlioroughly break up and mix the mass by stirring with a rod or 
grinding in a small mortar, meanwhile addmg, a few drops at a time, just 
enough sterile physiologic saline to insure suHiaent fluidity to allow of 
centnfugation Tins should require less than 1 c c of salme 

4 Place the lube m a water bath at 42® to 4a® C for twenty minutes 

5 Ccntnfugahze at high speed until the supernatant fluid is as clear 
as possible 

6 Carefully pipel 0.3 to 0.5 c c of the supernatant fluid to each of 
3 small absolutely clean test tubes (about 8 X 30 nun ) Label tubes 1, 2, 
and J 

7 To tubes 1, 2, and 3 add I to 2 drops of Tvpes I, II, and III pneu 
mococcus antiserum, respectively A positive test is evidenced by an almost 
immediate clouding and flocculation, which is increased by beating m a 
water balli at 42® C for fifteen minutes Tlic tube m winch this occurs 
mdicalcs the type of the pneumococcus present in the sputum When no 
reaction occurs m any tube, the orgamsm is assumed to be of Type IV, 
provided it is, in teahty, a pneumococcus 

8 When only a very small quantity of sputum is available it is desir 
able to cenlnfugaliae in corre*poodingly narrow tubes Ihe three pre- 
apitm tests may be carried out withasbllleas 0.3 c.c of supernatant fluid 
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SabiD’s Rapid Method {Ntufeld Reaaton ) — ^Tlus method which was 
descnbcd by Sabm' uses rabbit serum which can now be obtained from 
biologic supply houses The method is so simple that M can be used by 
an>oiie who is fanwUar with the use of the microscope The method is 
based on the observation of Neufeld that when pneumococci are rawed 
with specific immune serum there is a swelling of the capsules of the organ- 
isms Fresli sputum vilh an abundance of pneumococci must be examined 
as soon as possible Place two flecks of sputum on a cover glass for each 
type scrum available Add two toopfuts scrum to the sputum, tmx, and 
add a loopful of Lofller’s mct!)>lcne-bluc sum Smear the edges of a deep 
hanging-drop slide with petrolatum and invert the cover glass After two 
minutes eaamme the preparation with an oil immcrsioD objective The 



Fig 173 — Sabins rapid method Tj-pcH 
pneuRKKoccus in spuium mwd wwh l>'pe 
t antiserum (rabbii), no capsulir sncliing 
(Albert S Sabm, in jour Am }Icd Assn.) 



Ti/f 574 —Sabin's rapid method TVpell 
pneumococcus m sputum IIu^ed with Type 
I( aniiserum (ribbit) capsular swelling 
(Nculcld reaction) (\lbcrt 1) Sahu, to 
joue \m hied Aua) 


type reaction is a swelling of the capsule (Tigs 373 and 374) The diplococc' 
arc stained blue and in a positive reaction they he withm a clear zone of 
Tefracple substance Type 11 pneumococci generally present the larger zone 
Sabin emphasizes that {^gluUciation plays no pact in this reaction He claims 
that the characteristic appearance of a single diplococcus is sufficient to make 
a diagnosis Group IV pneumococcus has now been subdivided into 29 types, 
and there are now available for routine use rabbit serums for T}t«s I, II, 
III, IV, V VI, VII, VIII, LX, X, XI, XU, XIII, XIV, XV, XVI, XVII, 

xvrii, XIX, XX, xxr, xxu, xxiii, xxiv, xxv, xxvii, xxvm, 

XXIX, XXXI, XXXII Types XXVI and ?uXX are apparently duplicates 
of other tj'pes serologically, and serums lor these two types are not supplied 

‘ Sabin, A. B Immedialc rneumococciu Typing DireclJy from Sputum by the 
Ktuleld RtacUoa, Jour iW Ued. Aiw., 100 15S*-l»6 (May 20).,:W3 



CHARACTERISTICS OP VARIOUS IMPORTANT BACTERIA 797 


6. Micrococcus catarrhalis (N^tsscna caiarrJiaJts) grows readily 
at room temperature and on ordinary media, where it forms large, 
white, dry colomes with irregular edges and elevated centers This 
readily distinguishes it from the gonococcus and meningococcus, 
whidi it dosely resembles in morphology and staining reactions 

7. Gonococcus (Netsserta gonorrhoeae ) — Its morphology and 
staining peculianties are given on page 589 These usually sulEce for 
Its identification la cultures the duet diagnostic point is its failure 
to grow on ordinary media A satisfactory medium to produce growth 
IS asatic or hydrocele agar, or blood agar made from human or rabbit 
blood Colomes are minute, grayish, and translucent Of all of the 
culture media and methods which have been proposed for growing 
gonococa, that of McLeod, Coates, Happold, Pnestiey, and Wheatley' 
IS perhaps the most striking ITie culture medium that is used is the 
“chocolate” blood agar, whidi is descnbed on page 769 The poured 
plates are inoculated with the fresh material from urethral, cervical, 
or vagmal discharges Place the plates m an anaerobic jar, and add 
caxban dio'ade until the jor has been filled with a mixture of 8 or 
10 per cent carbon dioxide m air Incubate at 36* C for eighteen 
hours (occasionally followed by further mcubaUon in the open m- 
cubator for twenty four hours if it seems necessary) The plates will 
usually show a luxuriant groirth of several different types of organ 
isms If small, dewdrop-hke colonies of gonococa are present they 
may be recognized by the oxydase reaction Gently pour on to the 
plate a anall amount of a 1 per cent aqueous solution of tetramethyl- 
p pbenylenediamme hydrochloride which is poured off immediately 
Colomes of gonococa wiU turn rapidly to a bright purple color These 
colonies may be fished and identified as gram negative diplococa. 
Furthermore, they may be subculturcd at once as the organisms 
are still viable after the reaction If su(i subcultures fail to grow on 
ordinary culture media, but growth occurs on speaal media suitable 
for the growth of gonococci, a positive diagnosis may be accepted 

8. Meningococcus {Nasserta intracdluhrts) —It grows poorly or 
not at all on plam agar On LolSer’s blood scrum, upon which it grows 
fairly well, colonies are round, colorless or hazy, flat, shmmg, and 
visad looking Upon serum, asatic^ hydrocele, and blood agar men 
mgococa form famt blmsh colomes I to 2 mm m diameter, distmctly 

‘ SIcLeod J W Coates, J C, lUppoM, F C., Pnestiey, D P, and Wleatley, B 
CulUN-alioa of the Gonococcus as a Method in the Diagnosis ot Gononhea Specisl 
Reieresce to the Oxydase ReactioQ and to the Value oi Air Runforced lo its Carbon 
Dioxide Coolest, Jour Path, and BactenoL, 
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larger than the usual streptococcus colony It quicUy dies out Its 
morphology and staming reactions axe gvvcn on page 604 

9. Bacillus typhosus {EharUtdla. lypJiosa) was first described by 
Ebertb m 1880, and was first grown and proved to be the cause of 
typhoid fever by Gaffky m 1884 It is a small rod shaped organism 
which measures 0 6 by 2 to 3 microns, and which is actively motile 
and gram-negative It is aerobic and grows best at 37° C on prac 
tically all culture media, but it is most quiciJy isolated on Dndo’s 
culture medium or on some similar differential medium (p 771) 
In sugar media, aad is produced in dextrose, Icvulose, galactose, 
xylose, maltose, raOmose, dextrin, glycerol, manmtol, and sorbite 
There is no action on lactose, sucrose, muhn, mosilc, salicm, and 
there usually is not any change in arabmose, and dulcitol Xylose may 
be fermented rapidly by some strains, and very slowly by others, 
this difference has been used for differentiation Indol is not formed 
by typical strains The organism may be grown from the blood stream 
during the early part of typhoid fever ^ 789) Later m the course 
of the disease, and from typhoid carriers, it may be isolated from 
the stools, unne, and duodenal contents, on differential media Sup- 
purative lesions may result as a late complication, and chronic mfec 
tion of the long bones, and of the joints occasionally may result The 
extensive use of typhoid vacane has proved thoroughly efficacious 
This accepted prophylaxis, coupled wi^ greatly improved sanitation 
in all respectable communtUcs, has resulted m a most amazing and 
gratifying decrease in the amount of tj-phoid mfccUon Preventive 
mediane has likely been more successful m the control of typhoid 
fever than it has m the control of any other disease 

10 Bacillus paratyphosus A {Salmonella paratyphi) — This is a 
gram negative, motile, rod shaped organism which measures 0 6 by 
3 to 4 microns It belongs to the ' intemiediate group", all organ- 
isms of this group ferment dextrose, raannite, and rhamnose It slowly 
ferments dulate No organism of this group ferments lactose and 
sucrose Bacillus paratyphosus A is distinguished from the other 
intermediate organisms by the fact that it does not ferment xylose 
It also fails to blacken culture media which contain lead acetate Used 
as an antigen, it produces a speafic antiserum, and is combmed with 
BaciUus typhosus and Bacillus paratyphosus B m a prophylactic 
vaccine 

II. Bacillus paratyphosus B {Saltnonella schoUmuelleri) js gram 
negative, motile, and measures 0 6 by 2 to 3 microns It was first 
desenbed by Schottmueller in 1900 This mtermcdiate organism is 
culturally almost identical with the organisms of the ententidis 
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group, which cause ‘^mcat poisoning " It can usually be distinguished 
by agglutination tests with a spccilic antiserum It turns lead acetate 
agar brown and ferments xylose, which distinguishes it from B para 
typhosus A, but not from organisms of the cntcritidis group, from 
which It IS identified by its production of acid and gas m inositol 

12. Bacillus d^senteriae Shiga {SJngelh dysejtiertee), which was 
described m 1S9S by Shiga as the cause of Japanese dysentery, is the 
type species of the genus of dysentery producing organisms These 
organisms arc nonmotile rods, which produce acid in certain carbo- 
hydrates, but which do not form gas The orgnnism is gram negative 
and measures 04to06bylto3 microns Acid is formed in dextrose, 
levulose, raflinose, dextrin, glycerol, and adonitol, but noue is formed 
m arabinose, xjlose, rhamnose, maltose, lactose, sucrose, dextrin, 
salicin, mannitol, or dulaiol No indol is produced A therapeutic 
antiserum has been made against this strain of Shigella 

13. Bacillus dyscnteriae Flcxner {Shgella paradyscnttriae) is 
morphologically similar to the Sbiga orgamsm Different varieties of 
this species have been desenbed by Hiss and Russell, Strong, and 
Sonne The differential vanciics may be distinguished serologically 
from B dyscilenat Shiga, and from each other Culturally, they are 
charactenacd by fermenting dextrose, galactose, maltose, arabinose, 
rafBnose, and mannitol The Sonne Group in, and the Strong van 
etics also ferment sucrose, while the Hiss-Russell, and the Sonne 
Group III vanciics do not ferment maltose No acid is produced from 
lactose or xylose B dysentenae Shiga is the usual cause of summer 
diarrhea of infants 

14. Bacillus coh {Eschcncltut coli) — Eschench described this 
organism m 1885 One of the commonest of bactena, the “colon 
bacillus" IS found as a commensal species in the intestinal canal of 
ail vertebrates, including man It is pathogenic when it infects the 
gallbladder, kidneys, and bladder, and it is m this pathogenic r6le 
that chief wlcrest lies It may occasiooahy invade the blood stream, 
but, wholly unlike the other organisms of the colon t> phoid dy^ntery 
group, it IS of no importance to find it m the feces It is motile, gram 
negative, and measures 0 5 by 1 to 2 microns It grows readily on 
ordinary culture media, and can be isolated readily on Endo's culture 
medium 771), as it ferments lactose It also produces acid and 
gas m dextrose, levulosc, galactose, arabinose, maltose, raffinose, dex 
tnn, salian, mannitol, dulcuol, and sorbite Indol is formed It does 
not ferment sucrose, while a very similar form, which was called 
Bacillus coh commumor by Durham m 1900 (Escherichia communioi), 
produces aad and gas m sucrose 
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15 Bacillus acldi lactici {Lsebenchia colt var actdtlacftct) is 
aonmotile gram negative and nonpathogcnic It grows best at 30° C , 
though It will grow at 37° C It produces aad and gas m dextrose, 
levulose galactose, arabinose, maltose, lactose, raffinose, dextrin, man 
mtol sorbite, and adonilol No aad or gas is formed m sucrose, salicm, 
or dulotol 

16 Bacillus lactis aerogenes {Aerobacler aerogenes) is an en 
capsulatc nonmotilc, gram negative organism wbidi someliines is 
confused Viith colon bacillus because it is commonly found m the 
intestinal tract of man and other animals It is vadely datnbuted m 
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Qature, and is often found m miik, being one of the chief causes of its 
sounng It produces acid and a large amount of carbon dioxide in 
the fermentation of dextrose, levulose, galactose, arabmose, lactose, 
maltose, sucrose, ratfinose, dcxtnn, sahon, glycerol, mannitol, sorbite, 
inosite, and adonitol Ik gron-s with a light blue colony on eosm 
methylene blue medium (p 770) It is also distinguished from E celt 
by the Voges-Proskaucr reaction Isolate colonies and incubate la 
10 c-c of dextrose broth for lour days at 37* C Add 5 c c of 10 per 
cent solution of sodium hydroxide A pmk color indicates a positive 
reaction, depending upon the production of acetyl methyl carbinol 
from dextrose by organisms of the aerogenes group "Colon bacilii” 
do not give this reaction 

17i Bacillus enkeritidis (SalmeitcUa etilcrtltdts) — This is usually 
referred to as "Caertners baallus," as Gacrtncr described it in 1888 
It is the chief cause of "meat poisoning ’’ This disease often mam 
Tests Itself m epidemic fmm, after a large group of people have par 
taken of a common meal at which conlaunmaled food has been served 
While usually not fatal, very severe gaslro intestinal symptoms, 
with fever, appear m twenty four houre after the meal The organ 
ism may at tunes be recovered from the blood stream m severe cases 
It IS motile, gram negative, and measures 0 6 by 2 to 3 microns It 
turns lead acetate agar brown, and produces acid and gas m dex- 
trose, levulose, galactose, mannose, arabmose, xylose, maltose, tre 
halose, dextrin, glycerol, mannitol, dulcitol, and sorbite No aod or 
gas IS produced m lactose, sucrose, muhn, sahem, laihnose, adomtol, 
or mositc 

18. Diphtheria bacillus (Corynebaclcrtum dtplilfccrtae) — The 
diagnosis of the diphtheria baallus is usually made from a study of 
stained smears from eighteen hour cultures upon blood serum medium, 
as described m 188-i by Loffler, who first grew the organism and who 
found It in cases of diphtheria, and by Klebs in 1883 Its morphology 
and siamag peciihantjes are cbaractcnsUc (p 611) Jt is nonmotile 
and gram positive The colonies are round, elevated, smooth, and 
grayish By means of specific agglutinating sera, it has been demon 
strated that there are at least five distinct types of organism The 
following table (p 802) from Bergey's Manual of Determinative Bac 
tenology shows the fermentalmg characteristics of these serologic types 

19. Bacillus xerosis {Coryiiebactenum xcrose) — In xerosis of the 
conjunctiva, a form of chronic conjunctivitis, Neisser and Kuschhert 
m 1884 found a bacillus, which was similar morphologically and 
tinctonally, to the diphlhcna bacillus It is known now that this 
organism may be foimd on normal conjunctivas, and it is cxmsideied 
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to be nonpathogcnic It readily is distinguished culturally from the 
diphtheria bacillus Bacillus xerosis docs not grow on gelatin, or po 
talo but grons aerobically at 37® C on agar, Loffler's blood scrum, 
and broth The colonics arc thin and grayish 7 hey are adherent on 
blood scrum In dextrose, Icvulose, galactose maltose, and sucrose 
mcdia» acid is formed There is no growth in dextrin broth It is ap- 
parent then that this organism can be distinguished Irom the diph- 
theria bacillus by using dextrin and sucrose broths Nearly all types 
of diphtheria baalli grow in, and ferment, dextrin, but do not grow 
m sucrose, while just the reverse condition, fermentation of sucrose 
and no growth m dextrin, pertains m the ease of the nonpathogcnic 
Bacillus xerosis 

20. Tubercle bacillus /iitcrfiilens) —-The meth- 

ods of identifying this important acid fast organism have been 
described (pp 44 and ISO) Cultivation is not resorted to in routine 
cluneal work The organism prons very slowly and only on certain 
culture media It is gram positive and noomotile It first was de- 
scribed by Koch in 1SS4 

21. Bacillus leprae (tfycotocferiMw Uprae) — This organism was 
found in 18/9 m the lesions of leprous patients It is an acid fast, 
gram positive, rod shaped organism It measures 0 2 to 0 35 by 1 5 
to 4 6 microns, and is considered to be the cause of leprosy (see also 
p 615} All attempts to culture such an organism have met with 
varied success The names of CJrgg, JRost, and Duval are each asso- 
aalcd with the cultivation of organisms from the lesions of Icpere 
Koch’s postulates cannot be met and the results are inconclusive 
In Bergey's Manual of Determinative Bacteriology Myohadmum 
leprae is described as an aerobic organism growing at 37® C on gelatin, 
2 g^r, glycerol agar slant, broth glycerol potato, and blood serum. 
The growth usually is wnnUed and grayish or yellowish on solid 
media, and there is a wrinkled pellicle, and a thick powdery sediment 
on broth 
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22. “Ray fungus’* (Aciinontyces bovts) —-This organism is de 
scnbcd among the fungi by mycologists but is generally classed among 
the higher bactcna by bactcriologisls (see Bcrgcy s classihcatioo, page 
810) It IS the cause of “lumpy jaw ’in cal lie and causes actinomycosis 
m man Probably Aci^^^om}c^s homtnis and Actinomyces bovis are the 
same organism Many bacteriologists prefer the name Cohntstrepio- 
Uirix Israeli The “sulfur bodies” arc readily seen in the pus from 
draining sinuses m vanous parts of the body Sanford and Voclker* in 
their review of actinomycosis in the United States, found that nearly 
80 per cent of the persons affected were males It is chiefly a disease 
of >oung adults In sixty per cent of the cases the lesions involved the 
head and neck and uere about equally divided among the jaw, neck 
and face Slightly more than 18 per cent nerc abdominal, and about 

14 per cent were found m the thorax, m the ihoraac wall or the lun^ 
The characteristic “sulfur bodies ’ may be found m the sputum if the 
lun^ are in\oKed (See p 42, Tigs 26 and 27 ) No region of the 
body, however, is immune from this infection Although there are a 
number of aerobic actmomycetes, AcUitomices bovis is anaerobic and 

15 ^own with difficulty 

23. Bacillus mflucnzao {Uemophilus ttifluetizac) ^—Diagnosis will 
usually rest upon the morphology and staining pcculianties, which 
have been described on page 54, and upon the fact that the baoUus 
will not grow on ordinary media It can be grown on blood smeared 
agar slants Before inoculation, these slants should be incubated to 
make sure of stenlity The colomcs are difficult to see vnthout a hand 
lens They are very minute, discrete, and transparent, and resemble 
small drops of dew 

24. Bacillus of Ducrcy (Ucmopl/tlus ducre\t) — ^This organism 
was desenbed in 1889 as the cause of soft chancre, or chancroid which 
IS an irregular, spreading ulcer with undermined edges It usually is 
found on the genitalia, and is distinguished clinically from the hard 
chancre or initial lesion of syphilis The organism is a small, non 
motile, gram negative rod, which measures 0 5 by 1 5 microns, and 
which occurs singly and in chains It is grown with difficulty, and 
best on media which contain rabbit, diccp, or human blood which 
has been heated to 55* C for fifteen minutes Aerobic growth at 57® 

C on this medium is charactenzed by small, grayish, glistemng 
colonies A slight zone of hemolysis appears in three or four days 

25. Bacillus pertussis {IJemophlus pertussis) — ^The bacillus of 
whooping cough, which was discovered by Bordet and Cengou in 

* Sanford, A. H , and Voelker, Uuuta Actuomycosts lo the United States. AtcL 
Sozg.. JJ S05>-841 (Dec.) 1925. 
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1900, was first cultivated by them m 1906 In sputum, early m the 
disease, the organisms are found m great numbers, scattered among 
the leukocytes as small gram negative, ovoid, nearly coccal, forms 
This bacillus is slightly larger than the influenza baallus and has a 
tendency to polar staining It grows as an aerobe at 37® C on blood 
agar, or on the special culture medium of Sauer and Hambrccht (see 
p 769) In broth, the growth is turbid, there IS a heavy ropy sediment 
and floating strands Litmus milk shows an alkaline reaction and ts 
decolorized m ten to twenty da>s On potato, the growth produces a 
light jellow streak whidi bcoimcs tan There is no action on carbo- 
hydrate media Two tjpes of orgamsm have been diflcrcntiated seco 
logically 

20. Anthrax Bacillus {Baallus autbraas) — In 1849 this organ 
ism was observed m the blood of infected animals, being the first 
bacterial orgamsm to be described accurately as a cause of disease 
It IS a large straight rod shaped organism which is 5 to 10 microns 
long by 1 to 3 microns wide, nonmoUlc, and gram positive It grows 
m a characteristic manner, forming tangles of long threads on any 
culture medium It grows aerobically at any temperature from 12® 
to 45® C, and produces large spores which are very resistant It is 
the cause of anthrax in cattle, sheep, and swine When anthrax af- 
fects man, there is usually a primary malignant pustule, which is 
followed by general sjstcmtc infection 

27. Bacillus ivcichu (Closindtum per/rtitgens) — This organism is 
the cause of gas gangrene It is a spore forming anaerobic, nonmoule, 
encapsulated, gram positive organism which measures 1 to I 5 by 
4 to 8 microns Growth occurs in various culture media at 35® to 37® 
C , although It mil grow in temperatures up to 50® C Gelatin is lique- 
fied and blackened Circular, moist, slightly raised colonies are formed 
on agar Thompson’s modiJication of llic medium of Wilson and Blam 
(p 765) demonstrates the presence of this organism in clinical material 
after incubation for a few hours There is a turbid growth in broth 
Litmus milk is coagulated, acid is formed and gas is produced pro- 
fusely m all of the usual sugar media by all types, and by Type I in 
mulin, amylum glycogen, glycerol, and inosite Three types have been 
described «v s.dd\twjw to Type I Type ll dees not feitoent inuhn, 
Type III docs not ferment ^yccrol, and Type IV does not ferment 
either gljccrol or inuhn An exotoxin is formed and an efhcacious 
antitoxin has been prepared, and is on the market 

28. Vibnon septJque {Chsfrtdtum sepheum ) — This orgamsm 
was studied extensively in wax wounds and was usually found asso- 
aated with Weldi’s gas bacillus It is occasionally found alone m the 
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tissues, and causes malignant edema It is a gram positue, spore- 
forming, rod shaped organism, which measures 0 6 to 1 by 3 to 8 
microns The ends are rounded It grows anaerobically, best at 37* 
C , and forms cliams It is motile and forms grayish spreading colonies 
on agar It liquefies gelatin and produces gas bubbles Turbidity, with 
later deanng, is produced in broth Ihcrc is a disagreeable odor 
Litmus milk becomes acid, coagulated, and filled with gas bubbles 
Acid and gas are formed m nearly alt of the ordinary carbohydrate 
media, with the exception of sucrose and inuhn The organism is patho- 
genic for laboratory animals It forms a powerful ciotoxm, against 
which an antitoxin has been preparc<l 

29. Bacillus sporogcncs {Ctoslrtdtum sporogenes ) — Tins organ- 
ism, whicli has been isolated from the soil and intestinal contents, is 
probably nonpathogcnic, though it is often found m wounds in which 
there has been much contamination It is anaerobic, gram positive, 
and forms central oval spores As a result of its active proteolytic 
ability, it produces a foul odor m wounds It grows well on various 
culture media under proper conditions, liquches gelatin, produces gas 
and a putnd odor m broth, and ferments dextrose, Icvulosc galactose, 
maltose dcxtnn, gI>ccroI mannitol and sorbite to form acid and gas 

30. BaciUus tetani (C /ctui/r) --I be cause of tetanus or 
lockjaw 15 a rod shaped, spore forming anaerobic organism which 
was described by Nicolaicr m 1884 It forms a very posonous exo- 
toxin, against which a potent anlito'an is marketed by the com 
mcrcial biologic laboratories The organism is gram positive and 
measures 0 4 to 0 6 by 4 to S microns, and occurs singly It is motile 
and produces spherical terminal spores, which give the organism the 
appearance of a “drumstick ” Gclalm is slowly liqueScd, growth on 
a solid medium appeare as small, thm transparent colonies Carbo- 
hydrates are not fermented by this organism Optimum temperature 
for growth is 37“ C The characteristics of the growth of this most 
deadly bacterial organism m artiuaal media are also observed in the 
activity of the organism m the animal body If it has been earned 
deep into the tissues by some piercing instrument such as a bullet 
or a nail, and if the surface of the wound has become healed over, 
there results the anaerobic oinditioo which is ideal for the growth 
of the tetanus bacillus This takes place comparatively slowly, and 
It is usually about fourteen days after the injury, which may have 
seemed trivial, and which because of the healing of the surface may be 
nearly forgotten when the signs of the deadly disease produced by the 
toxin appear It is during this incubation period that the prophylactic 
dose of antitoiuQ must be adnumstcred 
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51. Bacillus botulinus (CfosftWtam bolultnwn) —A rapidly fatal 

disease, is knowTi as botulism is produced by this anaerobic 

bacillus The organism, is motile gram positive measures about I by 
4 to 8 microns and forms spores It docs not produce its toxins in 
the living tissue*, as docs the gas bacillus or the tetanus baallus, 
but «v meat or canned foods Growth occurs at 25° C (slightly above 
room temperature) and in temperatures up to 50° C This accounts 
for the production of toxin m food which is canned at home, and 
m ■nhich sterilization has not been carried out properly Even in 
such contaminated food the toxin can be destroyed by boiling before 
using the canned corn beans, meal or other similar food Bacillus 
botulinus liquefies and blackens gelatin, and grows in flat, grayish, 
irregular, mottled colonics on agar lurbidity is produced in bouiUon 
Acid and gas arc formed m culture media which contain dextrose, 
maltose, sucrose glycerol, and starch Lactose is not fermented There 
are three types, A, B. C, each is distinguished from the others by the 
acbon of the speafic antitoxin in neutralizing only its own toxm, and 
affording no protection against the toxins of the other types 

52. Vibrio cholcrao {Vibrto comma) —Koch reported finding the 
Komma baallus in the stools of patients who had Asiatic cholera, in 
1884 It is a short bent rod shaped organism, which resembles some 
what the punctuation mark that suggested the name which was 
given to It by the discoverer It measures 04 to 0 6 by 1 5 to 3 microns, 
and IS motile and gram negative It grows singly or in chains which 
form spirals It is aerobic and grows at 37° C , on ail culture media 
It forms indol and hydrogen sulfide Most of the carbohydrates are 
fermented but there is no acid formed with lactose, inuhn, or dulcitol 
There have probably been a million or more deaths from Asiatic 
cholera all told m the past ccnluiy A very severe epidemic of this 
disease appeared m Russia m ISK)3 1910, in which there were more 
than 140 000 deaths The disease confers permanent immunity and is 
essentially a disease of man The same sanitary management that is 
used m typhoid fever applies to the control of cholera except that the 
earners may be more of a problem All reports indicate that prophy- 
lactic vacanation is of bcnetit in those countries m which cholera is 
more or less endemic W hilc it is uncommon m the United States, 
this disease appeared m the early days of Chicago, and also as far 
north as St Paul hlinnc*ota 

35. Glanders bacillus i}IaUeom^ces mallei ) — Loffler described 
the “Botzbacillus ’ in 1SS6 It is a small slender rod, which has round 
ends and which measures 0 25 to 0 4 by 1 5 to 3 microns Usually, 
this organism grows singly, thou^ rods may be formed It is non 
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motile, gram negative, and aerobic, and grows readily at 37® C on 
all laboratory media Old cultures show a reddish brown tinge Gian 
dersismost commonly found m horses, in either an acute or chronic 
form The acute disease, iihich is manifested by high temperature 
and a nasal discharge, usually is rapidly fatal, while the chrome form, 
nhich IS called “farcy,” deiclops slouly involves the l)mphatics, 
forms swellings and abscesses, and may go on to complete recovery 
It IS transmissible to man, sheep, and goats, and to all laboratory 
animals except rats Cattle, hogs, and birds do not contract the disease 

34. Bacillus pcstis {PasleunUii pcsU) — TTiis is a nonmotile, 
gram negative rod shaped organism, which measures 1 by 2 microns 
and which was first described by Ycrsin in 1894 It is the cause of 
bubonic plague of man, rats, and ground squirrels Small laboratory 
animals can be infected experimentally The means of transmission 
to rats, and to man, is by infected rat Peas The organism is readily 
isolated from the buboes, growing aerobically at 37® C , or better at 
30® C , on all ordinary culture media Lactose is not fermented 
Swollen and vacuolated involution forms appear in twenty four hours 
on agar that contains 3 to 3 per cent salt, which is used as a diag 
nostic culture medium The organism is not readily killed by freeaing 
temperature A rapidly fatal form of the disease is known as pneu 
momc plague, in whi^ the lungs arc involved Bunng the middle 
ages, the ‘ black death” swept time and again over Europe The mod 
em fight against the rat, and the prevention of the introduction into 
this country of rats which are infected with plague is a most im 
portant function of the U S Public Health Service The student 
should familiarize himself with the vanous government publications 
on this subject, and with the highly eflicicnt manner m which small 
epidemics of bubonic plague have been controlled by the U S Public 
Health Service 

35. Bacterium tularensc {PaiUurdla tularensxi) — ^This organ 
jsm )s the cause oi a aery Amcrjcan disease, lidareixua, deserjbed by 
Francis ‘ The disease occurs in nature as a fatal bacteremia of various 
rodents, especially rabbits It is transmitted to man either by han 
dhng di^ascd carcases or through the bite of a blood sucking insect 
or tick Characteristic s>mptoms arc glandular enlargement, often 
with suppuration, and typhoid like fever The diagnosis is best made 
by a blood serum agglutination test using B tuhrense antigen, ac 
cording to the method for the maojosoipic Widal test given on page 
659 The organism is a small, nonmotile gram negative bacillus 

* Francis Fclvaid Tulairma Ftanns, 1921 A Kev Disease of Man, Waatusgloa 
Covenisaeat Pnouag Office, 1922 Hj’CiesiC Laboratory, Bulktat 130 St pp 
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from 0 3 to 0 7 micron long, it also appears as a coccus It docs not 
grow on ordinary media, but will grow readily on special media such 
as that described on page 774 

36, Brucella abortus {Bntcdla ahortu^ — This organism was first 
desenbed by Bang (Baelcftum abortus) in 1897 as the cause of con 
tagious abortion in cattle The convinang iNorVw of Alice Tvans and 
also that of Carpenter, substantiates the claim that it is the cause of 
undulant fc\cr B abortus is simiUc to, if not identical with, the 
organism described by Bruce in IS93 as llic cause of undulant fever 
in the island of llalta, and crUIcd iltcrero cus luchlensts It is a short, 
nonmotile, oval rod, gram negative, growing slowly, and only m re 
duced oxjgcn tension, and possibly belter m an atmosphere con 
taming about 10 per cent of carbon dioxide, at 37“ C It is probable 
that the chief source of infection is unpnstcurizcd cows milk from 
henis that may or may not be suiTcnng from contagious abortion 
Besides this bovine source, there also miy be a poranc organi'^m 
that infects man through ^rcct contact I he disease, as it appears 
among veterinarians and packing house workers, may be due to this 
strain Then there is the rarer Maltese tjpc of infection with the 
caprine strain, from drinking mfteted ^nt's milk The disease among 
goats docs not produce abortion It is likely that all strains arc pra& 
tically identical, and they are now classiticd by Bergey in the genus 
Brucella Tlie laboratory dngnosis of undulant fever is made by find 
mg the organism by blood culture, or more usually by means of the 
macroscopic agglutination technic desenbed on jiage 659 Huddlcson* 
described a rapid macroscopic agglutination mctliorl using a con 
centrated antigen and Giordano* desenbed a skin test lliat may give 
confirmatory evidence of infection especially when the agglutinins 
arc of low liter Tlie antigens for the usual macroscopic agglutination 
test, as well as that for Huddlcson’s method, may be purchased from 
the biologic supply houses 

VHL BACTERIOLOCIC CLASSIFICATIOK 
There has been much confusion in. bactenologic nomenclature 
since Aageli, in 1857, first used the class name Schi/^m>cctc3 Van 
ous systems of dassiiication have been proposed, until recently the 
Committee on CharactenzaUon and Classihcalion of the Society of 
American Bacteriologists has proposed a new chssiiication, which has 
not been adopted universally, but whidi is taught m many schools 
> Huddlfson 1 P , and Ab«U tlrabevli Rapid MacToscopic Agstul nUton for ibe 
Serum Diaenosuof Oanss Aljonion i>isc-is^ Jour fnfccl DjS. ■i2242 217 (Mar) 1728 
*riofdjfw> A S Jlrueclla MiorCtia Infrciion in Man Ibc Intra lemul Keocuoa ai 
wt Aid IB Diagaosis, Joux Aa. iJtd. Assa , 9i WjT-lioS (Dec 21), 1929 
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CLiSSsmcATiov or sanzoirvcin'Es 

An abndgcd key adapted frocn 

In (hjs zbndffd ley only those gmoa of general medical toterest are given The 
numbers of Qrders> families, tnbes, and genent are those ^tea in the enlarged, neu’closst' 
ficalioQ 

Older L Zlti^acfenafea Buchanan 

Foouiy IL ^fu^ureoe Conn 

Genua IIL AlcaJi^enei Castellasi and Qulmets 

PamSy HL Puaianunaltutae indotr ft aL 

Tnbe I S/irt/frae KIu^au and van Kiel 
Genua I Kih/iaMSUer 
Tribe IL Pitudomonaitae kluyver and van Kiel 
Genus V Pstud^oi^nas Migula 

Fam3y VL ilurocecuttae Pribram 

Genua 2 if^rceoata Coha 
Genus Z. Stiif/i)Ucxeut llosesbach 
Genus III Gu/;>r4 Treuaao 
Genus IV 5drriAtj Coodsir 

FamDy VIL Nauenauat Vth nt 

Genus !• Seuacfio Treinaan 

Family VIH Panabaeleriaeeae Bohn 

Tnbe I Poslcufellfac Ca.«tetlaiti %nd Chalmets 
Genus 1 Fa UiirtJ/a Trevison 
Cenu» II J/ul/tmjrra Ilallicr 
Tnbe II Bniceileae Bcrgcy, Dreed and Murray 
Genus III Drurrffa Mc>ei iiad Shav 
TnbelU Jltiua/’MraeWtnsio'M ft oL 

Genus IV UaiupMutWiaslow tlal 

PsaaSy EX. ifinatA^itimaiarGhlc-j^TWir 

Tnbe L SlrefhucceaeT'nMsaa 

Genus I Di^ocoeeta IVerchsjlbjuas 

Genus U SlnUocaceas Rosenbach 

Family X. 2Iffrer^>ar/er<ocr»eRahn 

Tnbe I Exckatclteae Bcrgey, Dreed and Murray 

Genus I Citkendta CisleJJani and Cl 

Genus 11 Aerokaclrr Dcijttinclr 

CenUs ni Afeistr/fd Trciuas 

Tnbe IV P/nfrae Casiellam ami Chalmers 
Genus VI Pfcian Iluuscr 

* Bergey, O H , Breed, R S , Murray BCD, and Hitchcas, A. F 
Manual of neierminaine Bacteriology fA Key for the Idenlilialton of 0 
the Class Sdueomycetes.) Ld. 5, Baltimore, WiUucis and Wiiluns Company 
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Tnbt V iStsTmaiu^/cM Cned 8.nd Mumy 

Genui Ml SaituH{llit\ ^icres 
GinusMU L^r;/Ki/d Q chjiun 
Gu>u» IX Slatdtd Castclbni and CbaUaen 

FasuV XI Bjclermiat ColtB 

Genus I luItTiiJi Tins 
Ctnus Vn a Brvmpt 

CntusMII Uaclefoulu Cteie)l>n! and Chalmers 
Genus IX. Faiohaaertum knorr 

randy Xll OaeiHactae Tixha 

Genus 1 DaaJlifS Cohn 

Genus U. 0«JmIium riasnowslu 

Unler II Acimomyctuia Ouchanan 

ramily I It icehacluioitiu Chester 

Genus I Ceryn^xutut ttn Lehmann and Neu 
nunn 

Genus II it yeobMiertum Lfhni,.ii>n andNeuxaaan 

Tao^y U A<tuwinyMt.ie<a« Bacbanan 

Genus I LtpMnctna Trt>isaT> 

Genus 11 Ctptfttdili/n hosenbacb 

Genus IV Amiumytti ilais 


Order UL Sfiroiluttiitt Buchanan 

Faau]y I Sfir0tluttt44(a« Swenensrehcl 

Genus JV Asrre/i« Swrllfnerebel 
Genus V Tttpnn* « Scfuudina 
Genus VI Zr/tfru/iru AOaUchi 

(The senera Borxtlia Titfonenta rind Lt^npira arc claimed as animal parasites by 
soologists, and are elaasitod thus on page 4^2 They axe also described brSedy ou pages 
SIO w aI4 ) 
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VACCINES, BIOLOGICAL SKIN TESTS 

Bacteria vacdncs, sometimes called “bacterins," which have 
come to play an important tSIc in therapeutics, are suspensions of 
definite numbers of dead bacteria in normal salt solution. While in 
many cases ready prepared or “slock” \acdnes are satisfactory, it is 
usually desirable and often imperative for best results to use vacdncs 
ishich are cspedally prepared for each patient from bacteria which 
have been freshly Isolated from his own lesion. These latter are called 
“autogenous vaccines.” Only through them can one be certain of 
getting the exact strain of bacterium which is produdng the disease 

L paEPARATIOM OP VACCINE 

1. Preparation of Materials.— A number of small bottles (Fig 
375) with medium wide mouths arc thoroughly deaned, plugged 
with cotton, and sterilized by baking A number 
of rubber caps arc kept la 5 per cent phenol solu* 
tion. These should be removed with sterile for- 
ceps, after the vaedne is placed in the bottles, 
and should be fitted into the neck of the bottle 
with great care to avoid contamination. 

A number of test tubes, each charged with 10 
c c. of physiologic salt solution and plugged with 
cotton, arc also prepared and sterilized. 

2. Obtaining the Bacteria. — A culture on 
an appropriate solid medium is mode from the 
patient's lesion, and a pure culture is obtained 
in the usual way. This prcliminaiy work should Fiff- 375 — Va^« 
be carried through as quickly as possible in 

order that the bacteria may not lose virulence 
by long growth upon artifidal media. If for any reason there is 
much delay, it is best to begin over again the cKperience gained in 
the first trial enabling one to carry the second through more rapidly. 
When a pure culture is obtained, a number of tubes of blood serum 
or agar— 10 or 12 in the case of streptococcus or pneumococcus, 4 
or 5 in the case of most other organisms — are planted and incubated 
over ai^t or until a good growth is obtained. 

8si 
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3. Making the Suspension * — A few cubic centimeters of the 
salt solution from one of the 10 c c salt tubes is transferred by means 
of a sterile capillary pipet to each of the culture tubes, and the growth 
thoroughly rubbed up with a stiff platinum wire or a glass rod whose 
tip IS bent at nght angles The suspension from the different tubes, 
usually amounting to about 10 cc, is then collected in one large 
tube (about ISO x 19 mm ) The upper part of the tube is drawn 
out in the flame of a blast lamp or Bunsen burner, as indicated in 
Tig 376, B, a short section of glass tubing being fused to the nm of 
the tube to serve as a handle It is then stood aside, and when cool 
the narrow portion is scaled off 



Tg V6 — Process ol miLing hcnnclicsil/ scaled capsule* contain ng 1 quid I, A 
short section of glass tubing has been fused to the lop ol the lul e lo serve u a handle ff, 
the upper part of the lubehoa beeadtaw’aouiiaalLutie.C, ibelopof the capside has beea 
sealed 

The resulting hermetically sealed capsule is next thoroughly 
shaken for ten to twenty minutes to break up all clumps of baclena 
A few small sterile glass beads may be introduced to as^st m this, 
but with many organisms it is not necessary 

Instead of the capsule dcscnbcd above an ordinary stcnle %accine 
bottle may be used for the bacterial suspension Ihis is then covered 
with a rubber cap 

4. Sterilization.— The capsule is placed m a water bath at 60® C 
for forty five minutes This can be done in an ordinary nee cooker 
with double lid, through which a tbennometer is inserted When both 
compartments are filled with water it is an easy matter to maintain 
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a unifonn temperature by occasional 
application of a small flame The time 
and temperature arc important foo 
little heat will fail to kill the bacteria, 
and too much will destroy the cflicienc^ 
of the vaccine When stcrihration is 
complete the capsule is opened, a few 
drops arc planted on agar or blood 
serum, and the capsule is again seated 

Sterilization is also readily ctTcctcd 
by adding 0 03 c c of tricresol to 10 c c 
of the unheated vacanc Shake thor> 
oughly to emulsify jNfost bacteria that 
are used m the preparation of vaccines 
usually arc killed in twenty four hours 

5 Counting — When incubation of 
the planted lube has shown the suspen- 
sion to be sterile it is ready for counting 
Some prefer to do the counting as soon 
as the suepenston is made and before 
sterilization Of Uic methods gnen here 
the second is the most accurate, but 
the third will genctidly be found most 
convenient 

Wngbt's Method — ^Tlicre must be ready 
a numljcr of clean slides a fc«r drops of 
ph>-s!ologic saline on a slide or m a unteb 
glass, a blood lancet, which can be impro- 
vised from a spicule of gloss or a pen, and 
two capillary pipcis with squarely broken 
oiT tips and wax pencil marks about 2 cm 
from die tip {Fig 377) Hicsc arc easily 
made by drawing out a piece of gb^ 
tubing, as descrdicd on page 769 

It IS necessary to work quickly After 



thorough shaking, the capsule »s opened pj. j??— CspIUry A 

and a few drops forced out upon a slide FiUed for count nj; a %acone by 
Any remaining clumps of bactena are WrshitmeilwJ, n empiy diow 
brol.cn up oilli one of Ihc pipcts b\ holtlint; “k ““ 

. ‘ , , , ' 1 t « pott on UwuUl be narrowei tlua 

It against and at nght angles to the slttlc and £^,6 rcprciraied. 
alternately sucking tl c fluid in and forcing it 

out The pipct is most casit> controlled if held m the whole hand with the 
rubber btdb between the thumb and the side of the index fleger A finder u 
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then prided until a drop of blood appears; and Into the second pipet 
are quickly drawn successively: I or 2 volumes ph>-siologic salt solution 
(or, better, a I per cent soluliMi of sodium citrate, which prevents coagula- 
tion)*, a small bubble of air; 1 volume of blood; a small bubble of air, and, 
Snaily, I volume of bacterial suspen^a. (A “volume” is measured by 
the distance from the Up of the pipet to the wax-pencil mark) The con- 
tents of the pipet are Uicn forced out upon a slide and thoroughly mixed 
by sucking in and out, care being taken to avoid bubbles; after which the 
fluid is distributed to a number of slides and spread as in making blood 
smears. 

The films are stained with Wright’s blood stain or, belter, by a few 
minutes' application 0 ! carbol thionin, after fixing for a minute in 1 per 
cent mercuric chloride solution. With an oil-immersion lens both tbc red 
cells and the bacteria in a number of microscopic fields ate counted. The 
exact number is not iroparianl, for convenience 500 ted cells may be 
counted. Trom the ratio between the number of bacteria and of red ce h 
it is easy to calculate the number of bacteria in 1 c c. of the suspeosh n ft 
being known that there are 5000 million red corpuscles in a cubic cent m- 
eter of normal human blood If there were twice os many bacteria as red 
corpuscles in the fields counted, the suspension would contain 10,000 miilion 
bacteria per cubic centimeter. 

Hemacytometer Method.~-Thls Is carried out m the same manner as 
a blood count, using any convenient dilution, usually 1 .200. A weak carbol- 
fuchstn or gentian violet solution, freshly filtered, may be used as diluting 
fimd, but the {ollowing solution, recommended by Calbson, is better: 

HydrodileHc aad . . ... . 2cx- 

Mercuric chbnde (0 2 per cent) solution IDO " 

Ac^ tuchsm (I percent oqiicom utuuon), to color 

The color should be just dorp cnousb not to obscure the ruled Imet. 

A very thin cover glass must be used; and, after filling, the counting 
chamber must be set aside for an hour or more to allow the bacteria to 
settle. Mallory and W right advise the use of the shallow Hclber chamber 
made for counting blood plates, but many 2'mm, oil immersion objectives 
have sulBcieot working distance to allow the use of the regular counting 
chamber, provided a very thin cover is used. The heavy cover with central 
excavation is recommcndetl. 

Hopkins Method. — In this the number of bacteria is estimated from 
their bulk after cenlnfugalion. The bacterial suspension Is filtered through 
3 small filter of sterile cotton to remove large clumps of bacteria and bits 
of agar. It is then placed in a vpedal lube (Fig. 378) and cenlrifugahzed 
for half an hour at about 2800 revofurionsper mmute. The lube may be cov- 
ered with a sterile rubber cap, or pl^ed with sterile cotton held in place 
by adhesive tape. The high speed requir^ necessitates a powerful centrifuge. 
It is too great for the ordinary medical centrifuge. 

During centrifugation the bacteria collect in the narrow portion, which 
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IS graduated ta hundredths of a cubu centimeter. The supernatant fluid 
and all of the bacterial sediment above the 0 05 mark are then removed 
with a sterile capillary pipeti and sterile salt soluUon containing 0 5 per 
cent phenol is added to the 5^ c. mark. The bacteria are then well mixed 
with the fluid by means of a capillary pipet. This gives a 1 per cent bac- 
terial suspension. In case the l^cierial sediment does not reach the 005 
mark a correspondingly smaller amount of the salt solution is added. 

llie number of bacteria in a 1 per cent suspension diflers with the spedes 
as follows: 

^ Million m each 

cubic emumeter 


Staphylococcus albus and aureus 10,000 

Streptococcus hemolyticus. B OOO 

Gonococcus . • . 8,000 

Pneumococcus. 2,S00 

Baoilus typhosus. BOOO 

CaciUus cob 4,000 


Turbidity Method. — The number of bacteria 
m a suspension may also be estimated by com- 
paring the turbidity ndth that of standards which 
arc used in the anal^'sis of water. A standard 
that represents 500 parts per imUioa is satis- 
factory for most vaccines ^ 

The method of standardizing vaccines ^ould 
be simple as it is more important to make them 
approximately alike than to try to set a diflerent 
standard for each kind of organism. Vaccines are 
admimslcred in graduated doses according to the 
tolerance of the patient rather than according 
to the number of bacteria. 


rig 378— Hopkins cen 
Uiluge tube Useful tor ap. 
proumateCQunt of bactens 
in t-acuncs. Tbe natron 
portion at the bottom is 
graduated in hundredths of 
a cubic centimeter 


6. Diluting. — ^The amount of the su- 
spension which, when diluted to 10 c c , 
wiU give the strength desired (or the finished vaedne having 
been determined, this amount of salt solution is withdrawn with 
a hypodermic syringe from one of the bottles already prepared, and 
b replaced with an equal amount of suspenaon. Two tenths c c. of 
25 per cent phenol in water with just enough alcohol to maintain 
solution b then added with a tuberculin syringe and the vaccine is 
ready for use. If tricresol has been used to sterilize the bacterial 


* A standard showing 500 parts ptr ntitlUKi may Iw prepared liy sifting dry Pears' 
precipitalrd fuller’s earth lhrDU},h a 300-iwsh siosc. and suspending Oj Cm m tfXX) cx. 
of distilled water A portion of this suspension should he placed in vaccine viaU that have 
the same diameter as those which arc used »n prepanng \acanes. A small amount of 
mercunc chloride may be added to prei'cnt algal or baclcnal growths. Tbe vial should 
be well sbakea before comparing the tuibidity with that of soother suspeosioa of soy 
sorL 
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suspcnsjon it is not necessary to use any other preservatne The 
usual strengths are Stapb>loooccu5 1000 million m 1 cc, most 
other bacteria, 100 million mice Vaccines should be kept in the 
icebox, and, as a rule, should not be used when more than four months 
old 

n METHOD OF USB 

Vacanes are administered subcutaneously, usually in the arm or 
abdominal wall or betneen the shoulder blades The technic is the 
same as for an ordinary hypodermic injection The syringe is usually 
stenbzed by boiling The site of the injection may be mopped with 
alcohol, or may be touched with a pledget of cotton saturated with 
tincture of iodine or liquor crcsolis aimpositus Ihe rubber cap of 
the container is sterilized by applying alcohol for some minutes 
usually while the synngc is being sterilized or simply placing a drop 
of liquor crcsolis compositus upon it The bottle is then inverted and 
well shaken, when the needle ts plunged through the rubber and the 
desired quantity withdrawn The hole seals itself A satisfactory 
synngc is the comparatively inexpensive Lucr 1 c c “Tuberculin" 
synngc graduated in hundredths of a cubic centimeter 

lU DOSAGE 

Owing to venations, both in virulence of organisms and suscepti 
bility of patients no dcrinitc dosage can be assigned Each patient 
IS a separate problem \\ ngbl s original proposal was to regulate the 
size and frequency of dose by Us effect upon the opsonic index, but 
this is beyond the reach of Uxc practitioner, and is now very rarely 
resorted to by any one 1 he ‘ clinical method ' consists in beginning 
with a very small dose and cautiously increasing until the patient 
shows cither improvement or some sign of a “reaction," indicated 
by headache, malaise, fever, exacerbation of local disease, or Inflam 
matory reaction at the site of injection The reaction indicates that 
the dose has been too large The beginning dose of staphylococcus 
IS about 50 million, the maximum 1000 million or more Of most 
other organisms the beginning dose is 5 million to 10 million, maxi 
mum, about ItO million DrdinarAj, injections are given once or 
twice a week, very small doses may be given every other day 

IV THERAPEDTIC INDICATIONS 

The therapeutic effect of vacemes depends upon their power to 
produce active immunity they stimulate the production of opsonins 
and other antibacterial substances whudi enable the body to combat 
the infecting bacteria. Their cspeoal field is the treatment of sub- 
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acute and chronic localized infections, in some of vrhicfa they offer 
the most effective means of treatment at our command In most 
chronic infections the arculation of blood and lymph through the 
diseased area is very sluggish, so that the antibodies, when formed, 
cannot readily reach the scat of disease Ordinary measures which 
fa\or arculation in the diseased part should therefore, accompany 
the \acane treatment Among these may be mentioned incision and 
drainage of abscesses dry cupping, application of heat, Biers hyper 
emia, and so forth, but such measures should not be apphed during 
the twenty four hours succeeding an injection, since the first effect 
of the \accinc may be a temporary lowering of resistance Vacanes 
are of little \aluc, and, m general, arc contraindicated m very acute 
infections, particularly in those which are accompanied by much 
systemic intoxication, for m such cases the power of the tissues to 
produce antibodies is already taxed to the limit 

Probably best results arc obtained in staphylococcus infections, 
although pneumococcus, streptococcus, and colon baallus infections 
sometimes respond nicely Among clinical conditions which have 
been treated successfully w*ilh xacancs arc furunculosis, acne vul 
gans, infected operation wounds, pyelitis, cystitis, subacute otitis 
media, chronic gonorrhea and gonorrheal rheumatism, chronic bron 
chitis bronchial asthma of bactenal ongin, infections of nasal acces- 
sory sinuses, and so forth Sometimes the pnoopal orgamsms are 
put into a single vaccine in appro-uraately Uie proportions m which 
their colonics apjicarcd in the pnmary cidtures To avoid the delay 
and consequent loss of virulence entailed by study and isolation of the 
several vaneties, many workers make the bacterial suspension directly 
from the primary cultures fhc resulting vacanes contain all strains 
which are present m the sputum in approximately the same relative 
numbers Although open to criticism from a saentific standpoint, 
this method offers deaded practical advantages m some cases 

V PROPHTLACTIC USB OF VACCmES 
It has been shown that vacanes are useful m preventing as well 
as curing infections Their value has been cspeaally demonstrated 
m typhoid (ever Three doses of about 5Q0 million, 1000 million, and 
1000 milhon typhoid baciUi, respectively, are given about seven to 
ten days apart Results m the army, where the plan has been tried 
on a large scale, show that such vacanation is effective protecting 
the individual for one to two years, or longer At present a triple 
vacane, containing 1000 million typhoid baciUi, 500 million para 
typhoid A, and 500 million paratyplmid B m 1 c-c, is used The first 
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dose IS 0 5 c c , the second and third 1 c c Similar vaccines have been 
prepared from Hemophilus pertussis for prophylaxis against whooping 
cough Toxoids, which are tonns m which the toxiaty has been de 
strayed but which arc antigenic, arc employed in the same manner 
as bacterial vaccines Alum preapitated toxoid is generally used as a 
prophylactic measure against diphtheria m children with positive 
Schick tests, and a similarly prepared toxoid is used as a prophylactic 
against tetanus 

VL TlTBERCUIUf IN DIAGNOSIS 

The tissues of a tuberculous person arc sensitized toward tuber 
culm, and a reaction occurs when any but the most minute quantity 
of tuberculin is introduced into the body Nontubcrculous persons 
exhibit no such reaction This is utilizwl m the diagnosis of obscure 
forms of tuberculosis, the test being applied m a number of ways 
These tests have very great diagnostic value in children, especially 
those under three years of age, but are often misleading m adults, 
positive reactions occurring m many apparently hcaliby individuals 
Negative tests are very helpful m deuding against the existence 
of tuberculosis 

1 Hypodermic Injection.— After first determining the patient’s 
normal temperature vanations, Koch’s old tuberculin is used in sue 
cessive doses three or four days apart of 0 Of 0 1, 1, 2, 5, and 10 mg 
A negative result with the largest amount is considered final The 
reaction is mamfested by fever withm eight to twenty hours after the 
mjcction A rise in temperature of T is generally accepted as 
positive The method miolvcs some danger of lighting up a latent 
process, and has been largely displaced by safer, although perhaps less 
reliable, methods 

2 Calmette’s Ophtbalmo-reachon — One or 2 drops of 0 5 per 
cent purified old tubcrculm are insliUcd into one eye Tuberculin 
ready prepared for this purpose is on the market If tuberculosis 
exists anywhere m the body, conjunctivitis is mduced wathin twelve 
to twenty four hours This generally subsides within a few days 
The method ts noio rarely used since it is not uslhout some, though slight, 
risk of injury to the eye It is absolutely ainlraindicated in the presence 
of any form of ocular disease A second mstiUalion should not be tried 
m the same eye 

3 VoQ Pirquet’s Method — ^TIus is the most widely used of the 
tuberculm tests Two small drops of old tuberculin are placed on the 
skm of the front of the forearm, about 2 inches apart, and the skin is 
shghtly scarified, first at a point midway between them and then 
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through each of the drops. A convenient scanfier is a piece of heavy 
platinum wire, the end of which is hammered to a chisel edge A 
wooden toothpick wnth a chisel shaped end is also convenient This 
IS held at right angles to the skin, and rotated sis to twelve times 
with just sufficient pressure to remove the epidermis without draw 
mg blood In about ten minutes the excess of tuberculin is gently 
wiped away with cotton No bandage is necessary A positive reaction 
is shown by the appearance in twenty four to forty-eight hours of a 
papule with red areola, which contrasts markedly with the small red 
spot left by the control scarification 

4 Mantour Intracutaaeous Test — A more accurate skin test 
IS that proposed by Maotoui A 0 005 per cent solution of old tuber 
culm in 0 5 per cent phenol is used, also a control is made using 0 5 
per cent phenol The forearm is cleaned with alcohol and 0 1 cc of 
the control solution is injected tnl/(uuliineously with a tuberculin 
syringe In hke manner, 0 1 cc of the 0 005 per cent, or J/200 mg 
of old tubercuhn is injected a few inches above the control The 
reaction is read m twenty four hours, or, preferably, m forty-eight 
hours No reaction is considered positive unless the area of hyperemia 
around the tuberculin is 5 mm greater than the control 

5 Tuberculin P P D —A new tuberculin, purified protem de 
nvative (P P D ), has been placed on the market m tablet form 
This product is sponsored by the research committee of the National 
Tuberculosis Association Its advocates claim that it has greater 
accuracy in dosage, greater sensitivity and greater convenience and 
costs less than tuberculin preparations which formerly were available 
for the xntradermal test The tablets arc supplied in stenle 1 c c. 
rubber capped vials together with a vial of sterile buffered diluent 
solution There are tablets of two different strengths The weaker 
tablet contains Q 0002 mg of protem derivative, and the stronger 
tablet {which ts used only if no reaction occurs with the weaker tablet) 
txmtams 005 mg of purified protem derivative Both tablets are 
made up with stenle lactose To make a solution, transfer with stenle 
tuberculin synnge and with aseptic precaution, 1 cc of stenle dilu 
ent to a stenle vial, which contains a tablet and shake the vial 
Allow ten minutes for the complete solution of the tablet. Always 
use the weaker solution first, Jhiject intradermally on the forearm 
0 1 c c. from the vial that contains 0 0002 mg of the punfied denva 
live This dose contains 0 00002 mg of punfied protem denvative 
If no reaction occurs m forty-eight hours, inject intradermally on the 
forearm 0 1 cc of the stronger solution This dose contains 0005 
mg of punfied protem derivative, or 2a0 times the amount which 
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Tias administered m the first dose If no reaction occurs from this 
dose, the test is negative A positive reaction consists of an area of 
swelling which is S mm or more m diameter It is probable that 
because of its simphcity and accuracy this test may become a standard 
tubercuhn test 

VH SCHICK TEST FOR MMUOTTy TO DIPHTHERIA 
By means of this test, which was introduced by Schick in 1913, 
It IS possible to select from a group of individuals those who are im 
mutie to diphtheria by virtue of natural or artificial immunity In 
an epidemic of diphtheria therefore, it may be of very great value 
as a means of deterraming who sliall and who shall not receive pro- 
phylactic injections of antitoxin Ihe reaction is not applicable to 
the diagnosis of diphtheria 

MateniJ, which has been diluted with peptone solution, and which 
is specially prepared foe the Schick test may be purchased ready for 
use from the biologic supply houses Inject 0 1 cc of the prepared 
dilution intradcrmally in the usual manner This solution is very 
convenient, especially for the occasional test 

No reaction should occur m those who arc immune to diphtheria 
In those who arc not immune a distinct red spot about 1 to 2 cm m 
diameter appears at the site of injection of the town within twenty 
four to thirty six hours Ihis is followed by induration, reaching its 
height on or about the fourth day flic redness and induration grad 
ually disappear, leaving a brownish area of pigmentation which some- 
times persists for three or four months ITie Schick test is very reh 
able if proper toxm be used and if the reaction be correctly interpreted 
The percentage of positive reactions is higher m children than in 
adults 

VHL DICK TEST FOR IMMDNITY TO SCARLET FEVER 

A test which appears to bear the same relation to scarlet fe\er 
that the Schick test bears to diphtheria has been devised by George 
F and Gladys H Dick This consists in injecting intradcrmally, 
0 1 c c o! 1 1(300 dilution ol the Uerkcleld filtrate of a culture ol a 
streptococcus which has been isolated from a case of scarlet fever and 
which IS capable of produang the disease m human beings This 
filtrate can now be purchased, ready for use, from the biological supply 
bouses 

The reactions are observed at the end of twenty four hours, and 
are classified as negative when there is no more than a faint pink 
streak along the course of the needle, as shgJuly positive when there 
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IS a faint red area less than i cm m diameter with no swelling, as 
posilive when the area is from I to 3 cm in diameter, bright red, 
with some swelling of the skin, as strongly positive when the area is 
mtcnscly red, from 3 to S cm m diameter, and markedly swollen, with 
sharply raised edge 

Positii.e and strongly positive reactions may be interpreted as 
mdicatmg susceptibility to scarlet fever, negative reactions as mdi 
eating immunity 

IX. TESTS FOR HYPERSUSCEPTIBILIXy 

Hypersusceptibihty to vanous organic substances has of recent 
}-ears come to be recognired as phying an important role m mediane 
To it arc ascribed such conditions as hay fever, asthma, shock follow 
mg administration of antitoxins and therapeutic sera the urticarias, 
and diarrheas which xn some persons follow ingestion of certain foods 
It IS unncccsaary to discuss the nature of the phenomena or the 
application of the spcaal terms — allergy, anaphylaxis, and idiosyn 
cras> The commonest cause of August hay fever is the pollen of low 
ragweed {Amhrosia arltmtstacJoUa) llits ubiquitous weed is illustrated 
m Fig 379 

H>pcisusccptibility to any particular substance — pollen of cer 
tain plants, dandruff or serum of animals, drugs, articles of food — 
can be recognized by a simple skin test This consists m applying 
an extract of the substance to a slight inasion m the skin made mth 
the point of a sharp knife only to such a depth as to introduce the 
substance below the epidermis, but drawing no blood 

A more accurate method is to inject iiUradcrmally detmite amounts 
of the protem substance The amount to be used may vary wnth the 
individual In general, it is often the practice to inject 0 05 cc of 
an extract so diluted that t c c contains 0 001 mg of the pmtem 
Care should be Jakejo lo avevd sivdef the skin, olhertvase 

unpleasant and even dangerous symptoms imght be mduced m an 
extremely sensitive individual 

Substances such as dandruff and pollens are extracted with deci 
normal sodium hydroxide solution, which is then used for the test, 
or the substance may be placed on the incision m the skin with a 
drop of the decinorraal solution and very gently mued and rubbed 
mto the incision Extracts of a long list of pollens, dandruff, and 
other substances, especially prepared for the tests, arc available com 
meraally Drugs may be used in 10 per cent solution In the case 
of antitoxin and the vanous therapeutic sera it is not the immune 
bodies which cause the dangerous reaction, but rather the horse 
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scrum 'svith which they are administered. Hypersensitiveness to boise 
serum is best recognized by intradcrmal injection of 0 2 c.c. of 1:10 
dilution of normal horse serum in saline solution. 

The arm is the usual site for the test, and a control test is made 
upon the other arm with omis^on of the specific substance. Tests 
with different substances may be carried out simultaneously. A posi- 
tive reaction, indicating hypersusceptibility to the particular substance 
used in the test, is manifested by an urticarial wheal surrounded by a 



tig S79 —Law ngiccecl, the pollen of Mhich is the most cotninon cause of August hay 
fever (Therapeutic Notes, Perb^ Pavia Sc Co ) 


broad zone of redness This appears within half an hour, often within 
five minutes, and begins to f^e in an hour or two. 

X WSCSLLAJfEOUS SXJIf TZSTS 

The Casoni test (p. S51) uses the fluid of an Echinococcus cyst, 
which is injected intracutaneoudy in cases with evidence of cyst of 
the liver. The history should suggest the possibility of infestation— 
assodation with dogs that have run with sheep, oc have eaten offal 
from slaughter houses. A marked erythema and wheal formation with 
pscudopods is a positive reacUon and suggests the probability of 
infestation 
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A similar skin test may be carried out in cases of suspected Trich- 
inosis by using Trichinella extract A positive reaction is illustrated 
in Fig. 380, 

Frei Test. — ^Therc are two (hseascs which unfortunately have 
names so similar that confusion may arise in distingmshing between 
them, as they are both classed as venereal diseases Lymphogranuloma 
inguinale (Nicholas-Favre’s disease) is the result of a filtrable virus 
which caxises an evanescent primary leaon, at times a urethritis, and 
involvement of the draining lymph nodes. A chain of these nodes 
becomes fused together, breaks down, and forms multiple fistulous 


T^flxAella Conf/e) 



Fig JSO.-*F0SiU>e iBlnkcutuePtu test lot U^chuzosu. (Elz Lilly aod Co } 

openings. This disease is very different from gro««fo;na inguinale, 
whidi is an ulcerating granuloma of the pudenda, a disease found in 
the tropics It be^s on the genitals, spreads by continuity to the 
thigh, and on up to the skin in the groin, but it does not involve the 
lymphatics Scrapings from the tdeers in this disease show small, 
rod shaped inclusion bodies, which are known as Donovan bodies, 
and which are seen in the mononudear cells, when stained with Giemsa 
or Wright stain. (These "Donovan bodies" are not to be confused in 
the minds of students with Leiriiman-Donovan bodies of kala azar.) 
In lymphogranuloma inguinale, a diagnosis may be confirmed by the 
so-called “Frei test." This is a q>edfic intradermal test<similar to a 
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tuberculin test, tbe actlgen being pus that is token from, a bubo just 
before it has broken down. This antigen should be stenliaed. This 
test material is used on other suspected cases by injecting 0.1 c.c. 
intradermally. In forty-eight hours there will be a raised, erythem- 
atous tubercle, from 0.5 to 1 cm. in diameter, in a positive reaction. 
An antigen may be purchased which is a saline suspension of killed 
virus in mouse brain. An antigen for this test has been prepared from 
virus grown in chick embryo yolk-sacs. 
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L OFFICE LABORATORY METHODS AND EQIHPMENT 

It is not to be expected that a physiaan m active practice wiii 
make routine use of aU the methods described m this book Althou^ 
he will need nearly all of them for the study of his more difficult cases, 
his daily laboratory work mil probably be limited to a few simple 
procedures With this in mind, the following list of laboratory pro- 
cedures IS suggested as the muumum mth which a physician should 
be thoroughly famihar and upon which he may build as his practice 
requires The methods are selected because of their simpliaty and 
practical usefulness 

methods for office rodtdie 

Spctcu 

Canlut msp«cUon (p. 32) 

Smpb nueroscop at «xuiun&Uon unstajned (p 3S) 

F.tminatiOtt for tubercle baolb (p> 44) 

Duke 


Reactioa (p. 67) 

SpecilkgraMty (p "0) 

C&icuUuon of total wUds (p 72} 

PhenoUulIonephihaluQ and Moseotlul'* tcaU of Udn'y funcuoa fp 162) 
Albiuntn, tjuaiiUtive 

Robert j ring lesi fp 92} 

Purdy 9 heal test <p 93} 

Albumin quanOlatue 

Tsuchiya s method (p 94) 

Sugar, qualilative 

Benedict * te^ (p, 98) 

Sugar quanUlatite 

Benedict'c method (p lOO.orCinhomsy-eaat method (p 103) 
Acetone, Lange's or Rothera s test fp lOS) 

Diacelicaod Gcibanltstest (p 109) 

Bile, Gmel n s lest, (p 111} 

Indican Obermayer’s test (p 77) 
hlicroscopical eaaaunauon (p. \1S) 


Bums 

Coagulation tune, any susplomelbod (p 197) 

Bleeding time (p- 203) 

Hemoglobin, soma tnnhwi esUmating gmcis per cent (pp, 209-2X6) 

SiS 


APP£3a)I3( 


S2S 

to be reserved for use with Wright’s blood stain, one, which delivers the 
proper sued drop, to be reserved for the quaDlitatjve sugar estimation 
(p. 98) 

Ejcpicce micrometer The cardboard micrometer made as described 
on page 2U wvii answer for most clmvcal woiL 

Microscope equipped as described on page 23 

hheco cover glasses, No 2 thicLocss The 22 mm. squares are most 
convenient for general purposes 

Micro shdes, 75 a 25 mm , clear white glass, medium thickness, ground 
edges 

Pennis, wax, for writing on glass, red or blue. 

Fetn dishes with cover, about 15 cm in diameter 

Fipets, graduated, vanous sizes. 

Rulers, celluloid 6 inches and tS on 

Stands for filter, buret, and so forth 

Stomach tubes The Rehfuss tvpe is required if fractional method of 
examination is emr]o>ed and is best for all purposes. 

Test tubes, vanous sues 

Test tul e brush, bristle, with tult at Up 

Test tube racks. 

Unnometer with cylinder Must have wide graduations Test with dis- 
tilled water 

Wooden applicators, 

C. tlEAGENrS AND STAINS 

All Staining solutions and many reagents are best kept in small 
dropping bottles, of which the “flat topped T K ” pattern is most 
satisfactory Other reagents may be kept in ordinary round pre 
scnption bottles of 4- to 8 ounce capacity Bottles containing highly 
volatile reagents should be sealed with paraffin if not in constant use, 
while those containing strong caustic soda solutions should have 
rubber stoppers 

ilost staining solutions and chemical reagents can be purchased 
ready prepared If, however, his lime permits the physician will tind 
it more satisfactory and much more economical to prepare his own 
wlwV/OT.s, 'nvtAv ■a? wwnznA scfcaViwri wnd w -very Itw s\-atrn> 

REaCEMTS 

Aad, acetic, glacial, 99| per cent. Other strengths can be made from 
this as desired 

Acid hjdrorhlonc, CP, sp gr, 116 Contains about 32 per cent 
HCl An approximate decinormal solution for use with the Sahh hemo- 
globinometer can be made by adding 12 ac. of this aad to 988 c c. distilled 
water 
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’^ad, mtnCi C P Yellow utnc acid be made from fHici by adding a 
splinter of pine (match stick) or aUo>wiDg it to stand in the sunlight for a 
short time- 

Aod, sulfimc, C P 

Alcohol, amyhc, C P Used m the estimation of fat m nolt 
Vlcohoi, ethyiic (gram alcohol) Tins is ordinarily about 93 to 95 per 
cent, and other strengths can be made as desired. Whenever the word 
“alcohol ’ is used m the test without qualification, this alcohol is meant 
The foUoiviDg is a simple rule for diluting alcohol to any desired strength 
Take of alcohol a number of parts equal to the percentage desired and add 
of water a number of parts equal to the di5erence between the desired 
strength and the strength diluted- For example, to dilute SO per cent alcohol 
to 50 per cent, takeo0c.c. of the alcohol and add 80 — 50 » 30 a& of water 
Alcohol, methylic, Jlerck a “Reagent,” for makmg Wright's blood stam, 
May be ozmtted if the stain is purdiascd ready prepared. 

Ammomum hi drowde (strong ammonia), sp gr 0 9 
Benedict’s solution for qualitative sugar test (p 98) 

Benedict’s solution for quanUtaUve sugar esUroaUcm (p 101) 

Benzidine. Specify “for blood test.” 

Canada bahsam m xylol Necessary only if pennanent mounts are to be 
made. 

Chloroform, U S P 

Diluting duid for red corpuscle count, Ha>em’s preferred (p 221) 
Diluting fluid for leukocyte count (p 243) 

Dimethyl ammo-azo^benzol, 0 5 per cent alcoholic solution 
Tsuchiya’s solution (p, 94) or preferably Exton’s reagent (p. 94) 

Ether, sulfunc, U S P. 

Feme chlonde, 10 per cent aqueous solution. 

Formalin (40per cent solution of fonnaldeh>de gas) The expression ‘TO 
per cent formahn” means 1 part of this 40 per cent solution and 9 parts of 
water, makmg a 4 per cent solution of formaldehyde gas 
Hydrogen peroxide, U S P 
Litmus paper, red. 

Litmus paper, blue 
Gram's lo^e solution (p 832) 

Obennajer’s reagent for indican (p 77) 

Oil of c^r for immersion A soffiaent quantity is usually supplied with 
the microscope when purchased 

Fbenolphthalein, 1 or 0 3 per cent solutioa m alcohol 
Ampules of phenolsulfonephthalem- 
Sodium chlonde, C P 

Sodium hydroxide, deanonnal solution The practitioner will find it 
best to purchase this solution ready prepared. Most chemical supply 
houses carry it in stock. For lou^ /‘timral work 4.1 Gm. of Merck’s “So- 
dium hydroxide by alcohol” from a freshly opened bottle may be dis- 
solved m 100 C.C. distilled water This makes a normal solution and must 
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be diluted with 9 volumes of water to maLe the decmormal solution The 
preparation of accurate normal solubons is described on pages 834, 835 
Sodium mtroprusside, C P , crystals 

Talc, purified (rofcmn purificatum, U S P ), or diatomaceous earth 
{KteseJguhr) for clearing unne 

Water, distiilei In some regions ordinary tap water answers {or prac 
tically all purposes 

Stauis 

It niU be found most satisfactory to have on hand a stock of dry stams 
(which keep well) and to make solutions as needed Ordinarily the smallest 
quantity obtamable m an unbroken package should be purchased The 
most reliable stains now bear a stamp on the bottle, showing that they 
have been approved by the Commission on Standardization of BioIogicU 
Stauis This committee is composed of representatives of the leading so- 
aeiics m the United States interested m bacteriology, botany, d>c chem 
istry pathology, and zoology The following dry stains make up a fairly 
complete stock for the cluucal laboratory Fuchsln, basic crystal violet, 
methylene blue, B Jv , methyl green, pyroms, and Wnght s stain Wright s 
stain IS obtainable in 1 Gm vials, the others m 10-Gm vials. The most fre« 
quently used solutions which can be purchased m 2o c.c bottles are 
Carbotfuchsin (p 831) 

Carbol gentian violet (p 831) 

Giemsa a stam (p 255) This is not necessary if Wnght s stam or the 
Indu ink method be used for spirochetes 
Lhfiler s alkalme methylene blue (p 832) 

Fappcnheim's methylene-blue contrast stain for tubercle bacilli (p 832) 
Pappenheun s pyromne methyl green stam (p 832) 

Weight s blood stain (p 253) Much of the solution on the market is 
unsatisfactory 

n STAINXKG SOLUTIONS 

In this section are given the formulae for staining Huids which 
have general use, particularly for identification of bactena Blood 
stains and others which are used only for special purposes are dis- 
cussed m the body of the book and may be found by consulting the 
Index 

I Caibol ThioQiSi — Saturated solution thionin in 50 pet cent 
alcohol, 20 c c , 2 per cent aqueous solution phenol, 100 ac 

This stam is espeaally useful m counting bactena for standard 
ization of vacemes (p 813) It can be used as a general stam In blood 
work It IS sometimes used fox the malanal parasite and for demon 
stration of basophilic degeneration of the red cells The fluid is applied 
for one-half to three imnutcs, after fixation by beat, or about a mi&ute 
m 1 per cent aqueous solution of mercuric chloride or 1 per cent 
formahn m alcohol 
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2 Crystal violet is a powerful bactcnal stain v,hich may be sub 
stituted for gentian Molct in alt formutas and is more satisfactory 
A solution of 2 Gra crystal \iolet m 100 c c methyl alcohol of the 
highest punty is probably the best stawi for Gram’s method 

3 Fuchsia — This dye should not be confused with aad fuchsm 
Its solutions arc generally made with phenol as a mordant, and they 
arc then \cry powerful bactcnal stams, with a strong tendency to 
o\crstainmg Tlicy arc used chiclly for the tubercle bacillus 

Ziebl-Neelsen Carbolfuchsin — Make a saturated solution of 
basic fuchsm in ethyl alcohol Dilute 10 c c of this solution with 
90 c c of a S per cent aqueous solution of phenol 

Ciaplewski's Carbolfuchsin — To 1 Gm fuchsm and 5 c c 
liquefied phenol add 50 cc glycerol, with constant stirring, and 
finally add 50 c c water, mix well, and filter 

i Gentian Violet — This dye has long been widely used as a 
bactenal slam, especially for Cram’s method, but is now being rapidly 
displaced by crystal \iolet and methyl Molct Ihe combinations 
gi\cn below may be used mtcrchangcably, but the solution with 
phenol is probably most serviceable Formahn gentian violet remams 
good for y cars, but ts less satisfactory for Gram s method than the 
others because it is not readily decolorized by alcohol 

Methyl inflei, or cryr/uf uolci, may be subslilulcd for gci/han Violel 
»« t)uc formulae, and aUicr u preferable io tl 

Amlme Gentian Violet —Ehrlich s formula is the one generally 
used, but this keeps only a few weeks Slirlings solution, which 
keeps much better and seems to give equal results, is as follow3 
Gentian violet, 5 Cm , alcohol, 10 c c , amhne od, 2 c c , water, 88 c c 
Czaplewski's Carbol Gentian Violet— To 1 Gm gentian violet 
and 5 c c liquefied phenol add 50 c c glycerol with constant stirnng 
finally add 50 c c w ater, mix well, and filler 

Formalin gentian violet consists of 5 per cent solution formalin 
75 parts saturated alcoholic solution gentian violet, 25 parts- 

5 Hematoiyhn is one ol the best nudeax stams avafiabk Tbeie 
are many combinations, most of which require weeks or months for 
“ripening ’’ llic following is a good solution which is ready for use 
as soon as made 

Harris’ Hematoxylin. — Dissolve 1 Gm hematoxylin crystals m 
10 c c alcohol Dissolve 20 Gm ammonia alum m 200 c c distilled 
water with the aid of beat, and add the alcoholic hematoxylin solu 
tion Bring the mixture to a boil, and add ^ Gm of mercuric oxide 
As soon as the solution assumes a dark purple color, remove the vessel 
from the fiarac and cool quickly m a basm of cold water 
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6 lodme is used as a part of Gram's method and as a special 
stain for \anous purposes For starch a very weak solution is dcsir 
able, for Leptolnclta buccdlis a strong solution such as Lugol’s The 
solutions deteriorate upon long standing 

Gram's Iodine Solution, — Iodine, 1 Gm , potassium iodide, 2 
Gra , 'water, 300 c c 

Lugoi’s solution {Liquor todt compostius, tJ S P) consists of 
lodme, 5 Gm , potassium iodide, 10 Gm , water, 100 cc Grams 
iodine solution may be made from this by adding fourteen times its 
volume of water 

7 Methylene blue is a widely used basic dye which does not 
readily overstam The following solutions are useful 

Gabbel's Stain.— This is used in Gabbet’s method for the tubercle 
bacillus It consists of methylene blue, 2 Gra , water, 75 c.c , concen 
trated sulfuric acid, 25 c c 

Loner's alkaline methylene blue is one of the most useful bac 
tenal stains for general purposes The solution is applied at room 
temperature for thirty seconds to three minutes, and is followed by 
nnsing in 'water Fixation may be by heat or chemicals The stain 
15 composed of 30 parts of a saturated alcoholic solution of methylene 
blue and 100 parts of a 1 10,000 aqueous solution of potassium 
hydrovide It keeps indednitcly 

Pappenheim’s methylene blue solution is used as decolonser and 
contrast stain m Fappcnhcim's method for the tul^ercle bacillus 
Dissolve 1 Gm corallm (rosolic and) m 100 cc absolute alcohol, 
saturate with methylene blue, and add 20 c c glycerol 

8 Methyl violet is a useful bactcnal stain which may be advan 
tageously substituted for gentian violet m all formulas given on page 
831 

9 Pyromne — ^Used in strong aqueous solution this is useful as a 
contrast stain m Gram's method, but results are more satisfactory 
when the dye is combined with methyl green 

Pappenheim’s Pyroslme-methyl green Stam —This solution colors 
iiacteria red and nuclei of cells blue It is, therefore, cspeaally useful 
for intracellular bactena like the gonococcus and the influenza baailits 
It IS a good stain for routine purposes, is a roost excellent contrast 
stam for Gram's method, and is also used to demonstrate Dohle s 
mclusion bodies m the blood It colors the cytoplaan of lymphocytes 
bright red, and has been used as a differential stam for these cells 
The solution js appbed cold for one half to five minutes It consists 
of saturated aqueous solution of methyl green, 3 to 4 parts, and 
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saturated aqueous solution of pyronmc, 1 to parts It is a good 
plan to keep these solutions in stock and to mix a new lot of the stain 
mg fluid al^ut once a month If it stains too deeply with either d>e, 
the proper balance is attained by adding a httle of the other 

Giving to the fact that pyronmc is now highly concentrated, the 
following formula, tihich has been proposed by the Coramiesion on 
Biological Stains, of the Society of Amcncan Bactcnologists, may 
prove more useful ^klethyl green {50 per cent d>e content), 1 Gm 
pyronmc (Comnussion certified product), 0 25 Gm , ethyl alcohol 
(95 per cent), 5 c.c., glycerol, 20 c.c , 2 per cent aqueous solution of 
phenol, 100 c.c 

10 Saframn is widely used as a contrast stain for Gram s method, 
usually in 1 per cent aqueous solution 

11 Simple Bactenal Stains — A simple solution of any basic amime 
dje (methylene blue, basic fuchsin, gentian violet, and so forth) will 
Siam nearly all bactena These simple solutions are not much used 
m the cUnical laboratory, because other stams such as LofHcr’s methy 
lene blue and Pappcnhcims pyronmc methyl green stam, \\hich 
serve the purpose even better, arc at hand 

12 Sudan HI 15 a valuable stain for fat, to which it gives an 
orange color Scharlach R 1 $ a similar but stronger d>e, and may be 
substituted to advantage They may be used as a saturated solution 
m 70 per cent alcohol or in the following corobmation 

Hertheuner’s sudan III consists of equal parts of 70 per cent 
alcohol and acetone saturated with sudan III (or Scharlach R) 


m. NORhIAL SOLUTIONS 

A normal solution is one which contains in cadi liter enough of 
a chemical substance to replace or unite with 1 Gm of hydrogen 
The moJeeviar n«ghr oi the substance divided by its valence and 
expressed m grams is dissolved in sufficient water to make 1 hter 
In the case of a univalent substance like hydrochloric aad the molec 
ular weight directly mdicatcs the number of grains to the liter Equal 
volumes of all normal solutions arc equivalent, for example, 1 cc of 
a normal aad solution exactly combines with 1 c c of a normal alkali 
The solutions are made up as normal solutions, and for use are gen 
erally diluted with water to one tenth, one twentieth, or one fiftieth 
the normal strength, giving "decmoimai ** ‘ twentieth normal,” and 
“fiftieth normal” solutions 
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The noniial solutions most frequently used are the following 

Grams lor each liter 

Hydrochloric arid . 46 

Oxaltc aad 

Sullut^c and 49 04 

Pousnum hydronde 12 

Poiaaauro pcnBaaganale 31 dJ 

Silver mirate 169 97 

Sodwm cwbonate 53 05 

Sodium chloride 58.50 

Sadittm hydroride 4006 


Of the above, the only solutions oidinaiily required m a small 
laboratory are normal sodium hydroxide and normal hydrochloric 
acid, from which decinormal solutions are made as needed, and only 
these will be described m detail fhey can be purchased ready pre 
pared from any reliable chemical supply house 

Normal Sodium Hydroxide — Smce sodium hydroxide absorbs 
water and unites with carbon dioxide of the air it is not of umfona 
strength, and accurate solutions cannot be made by ucighmg 

Dissolve 46 Gm of sodium hydroxide m 1100 cc. of distilled 
water This solution will be of morc^an normal strength and must 
be standardized against a normal acid solution For this purpose 
oxalic aad is used because it can be weighed accurately From a 
bottle of dicmically pure oxalic aad select the most nearly perfect 
crystals, vscigli out 6 3 Gm on a sensitive balance, place m a 100 c c 
volumetric flash, and make up to 100 cc. vviih distilled water Now 
pipet 10 cc of this normal oxalic aad solution into a beaker, add 3 
drops of phcnolphthalem indicator, and add tJie solution of sodium 
hydroxide from a buret until a famt but piennancnt pmk color appears 
If the sodium hydroxide solution were of correct strength exactly 
10 cc would be required, but it will be too strong, and less than 
10 c c will he used The difference between 10 c c and the amount 
used indicates the amount of water which must be added to reduce it 
to the correct strength If, for example, 9 S c c were used, then 0 5 
c c of distilled water must be added for each 9 S c c of the sodium 
hydroxide solution After this has been added and well mixed, refill 
the buret with the newly diluted solution and repeat the titration to 
check the accuracy of the work, usmg, preferably, 20 or 50 c c of 
the aad 

To make a decinormal solution a^ I volume of the normal solu 
tion to 9 volumes of distilled water 

In emergenaes a dccmonnal solution of suiEaent accuracy for 
rou^ clinical work may be made by dissolving 4 1 Gm of Merck's 
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“sodium b> dioxide by alcohol” from a freshly opened bottle m 1000 
c c of distilled \\atcr 

Kormai Hydrochlonc Acid, — ^To 135 c c of concentrated chem- 
ically pure hydrochlonc acid add I liter of distilled w-ater, and mix 
well This makes a solution which is slightly too strong and must 
be standardized by titrating with a knoini normal alkah Pipet 
exactly 10 cc of the aod solution into a beaker, add 3 drops of 
phenolphlhalem indicator, and titrate with an accurate normal solu- 
tion of sodium hydro>ade until a faint but permanent pink color 
appears If the aad uere accurately normal, exactly 10 cc of the 
alkah would be used, but it will, in fact, be too strong and more than 
10 c c 'Will be required The excess over 10 c c indicates the amount of 
water which must be added to cadi 10 c c of the acid to reduce it to 
correct normal strength If, for example, 10 6 cc of the normal 
sodium hydroxide ore required, then ^ cc of distilled water must 
be added to 1000 c c of the aod solution After the water has been 
added and well mued the titration should be repeated, using 20 c.c 
of the aad 

To make deanonnal hydrodilonc aad add 1 volume of the 
normal solution to 9 volumes of'^ater 

Approximately deanotmai hydrochlonc aad for use with the 
SahU hemo^obinomctcr can be made by addmg I 2 c c. of concen 
trated hydrochlonc aad to 9S8 cc of distilled water A few drops 
of chloroform are added as preservative 


IV. PHYSIOLOGIC SOLUTIONS 

Physiologic solutions are so made that they contain the same 
percentage oi various salts as are Sovaid m the Swds of tie animaJ 
body 

Physiologic or ‘‘normal saline” is made of sodium chloride (C P ), 
0 85 Gra , distilled water, 100 c c 

Locke's solution consists of sodium chloride, 0 9 Gm , calaum 
dilonde, 0 024 Gm , potassium dilonde, 0 042 Gm , so^um car- 
bonate 0 02 Gm , dextrose, 0 25 Gm , distilled water, 100 c c. 

Rmger’s solution (modified by Porter) consists of sodium chlonde, 
0 7 Gm , calaum chlonde, 0 0026 Gm , potassium chlonde, 0 035 
Gm , distilled water, 100 c c. 
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V S0RENSEN*S PHOSPHATE MIXTURES FOR BUFFER 
SOLUTIONS* 

Tlicse buffer solutions are generally useful as the range of the mix 
tures IS from pH 5 to 8 

Fifteenth Molar Primary Potassium Phosphate Solution — Weigh 
exactly 9 078 Gra of monobasic potassium phosphate, and dis- 
solve in exactly 1 liter of distilled water The solution must be abso 
lately dear and yield no test for dilonne or sulfates 

Fifteenth Molar Secondary Sodium Phosphate Solution — Expose 
dibasic sodium phosphate containing 12 moU of water of crystalliza 
tion to ordinary atmosphere for two weeks It should then contam 
2 molsof crystallization Dissolve exactly 11 876 Gm of this sodium 
phosphate in exactly 1 liter of distilled water The solution should 
be absolutely dear and should yield no test for chlorine or sulfates 
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VI SOLUTIONS FOR INTRAVENOUS USE 

The following information regarding solutions for intravenous use 
has been adapted from the directions for their preparation by Dr 
A E Osterberg^ of the Sect nw of Omca) Biocbewistr}- o! The 
Clinic Intravenous therapy is a senous procedure The preparation 
of solubon, both watli regard to the agents employed, and the solvent, 
requites careful chemical, biologic, and bactenologic considerabon 
It is best to use only freshly prepared solutions for mtravenous admin 
istration, and m some instances, especially in the administration of 
dextrose, it is absolutely necessary 

• From Oark Ttic D«tenniBatJoa at Hydros loai. BUumore, WOiiams and 
wot Of Company 192S. 
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A few facts of prune importance m connection with the physiology 
of mtxavenous in3ection should be considered carefully by physiaans 
when recommending this method of administcrmg therapeutic agents 
Whatever may be the mechanism for controlbng the volume of circu 
latmg £uid and of total body fluid it is a very delicate one and depends 
on many factors, as evidenced by the following facts 

1 The plasma corpuscle relationship remains fairly constant 
regardless of ingestion or excretion of fluid ilaintenance of this 
relationship is necessary for an efficient arculation 

2 The number of corpuscles remains constant under the same 
oxygen tension This is necessaiy because a constant relationship 
between oxygen carrymg capaaly and oxygen utihzation must be 
maintained 

3 In general, unnary secretion is in direct proportion in in^stion 
of fluid Recognition of this fact is essential because the kidney can 
function only by means of a fluid medium 

4 The relationship between the amount of fluid m the cell and the 
fluid surrounding the cell is mamtamed 

5 Various constituents of the blood, absolutely essential m the 
bodily economy, for which blood is the transportation system of 
necessity have a very lumted range m ^ncentration Blood sugar 
15 an example 

When an intravenous injection is given, apart from the substance 
injected, physiologic compensations mmediatcly take place m order 
that the relationships between the enumerated constituents may 
remam constant Many other factors not mentioned are involved, 
for example almost mstantancous compensation occurs on the part 
of the heart and vasomotor system m order to take care of the m 
creased volume of fluid without greatly changing blood pre^ure 
Fortunately the normal body is able, quicUy, and perfectly, to make 
these various compensations There is no doubt, however, that there 
are many pathologic states in which such a compensation m all these 
phases cannot be made quickly enough to maintam the proper 
balance 

The important points m the proce^ of intravenous injection are 

1 To procure the proper dicmically pure substances from a 
reliable source 

2 To employ pure, stenlc water 

3 Since the strength of the solution depends on the purpose of 
Its administration, in general, not to administer hypotonic or mark 
edly hypertonic solutions unless for a ^ccific purpose it is deared to 
obtain the dch> dratmg effect of bypeitoiuc solutions. 
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4 To use dean, stenlc apparatus and to take proper precautions 
against toxic material in relation to the apparatus 

5 Thoroughly to stenlize both the solution and the apparatus 

6 To control the rate of injection, since tins is important m con 
oection with the proper physiologic compensations (this is shown by 
the foregoing enumeration of the various mechanisms disturbed by 
intravenous injection) 

The following agents to he given inUavcnoi^ly have been recom 
mended Sodium chloride, sodium bromide, sodium iodide, glucose 
calcium chloride sodium citrate, sodium bicarbonate quinine and 
urethane, sodium salicylate magnesium sulfate, acaaa, blood, and 
the various preparations of arsenic mercury, antimony and dyes 

The best methods of prepanng the solutions usually recommended 
are as follows 

Distilled Water — ^Use freshly tnplc distilled water and stcnle 
pirex glassware Tor intravenous injection never use water that 
has stood forty eight hours after distillation Distilled water in a 
small quintity should be redistilled from a glass flask connected, 
■uitfioul a rubber stopper to a block tin condenser The side neck of 
a distillmg flask bent m the form of a U makes a convenient water* 
seal entrance tube for water For the preparation of large quantities of 
tnplc distilled water such apparatus docs not have sufficient capacity 
In this case use ma} be made of commercial Lin lined sulls Single 
distilled water redistilled twice through a single heavily tinned 
commercial still or through a set up of two stills operating m senes, 
has been found satisfactory 

Distilled water properly prepared, is free from chlorides and is 
neutral To lest for chlorides, place 10 cc of the water m a clean 
test lube and add 5 drops of 5 per cent solution of silver nitrate If 
the water is turbid m the least it is not free from chlonde 

To test for neutrality, place 10 cc of the water m a dean test 
tube and add 1 drop of 1 per cent solution of alizarin red If the indi 
calor turns pink the color should be discharged by the addition of 
I drop of otiL fiftieth normal acid If the indicator turns yellow it 
should be dianged to pink by 1 drop ol one fdticth normal alkali 

bicvv rubber tubing is an item of intravenous apparatus most 
likely to produce toxic mitenal Pure gum tubmg without bloom, 
should be used To insure the removal of any toxic material the 
tubing is heated in 0 5 per cent sodium hydroxide solution, taking 
care the inside is well dcaned by kneading the tubing between the 
hands ITie sodium hydroxide is removed by washing well in distilled 
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water and allomog distilled water to run through the tubing for 
several houre 

Calcium Chlonde Solution. — ^The most commonly employed 
calaum salts for intravenous injcctiom are calcium lactate and cal 
aum gluconate The latter salt has the additional advantage that it 
may be administered intramuscularly If one desires to use r.-itcmm 
chlonde, however, the following procedure may be used for its prep- 
aration 

A 10 per cent solution of calnum chlonde is suitable for injection, 
but IS more advantageously given diluted vnth ph>-siologic salt solu 
tion All calcium chlonde contains some water unless it has been 
recently fused, therefore, m weighing so called “crystalline calcium 
chlonde,” allowance must be made for the water ointent m order to 
obtain a defmite amount of calcium chlonde m solution Calcium 
chlonde labeled crjstalhne, chemically pure, which gives a solution 
free from turbidity, should be satisfactory The salt dissolves im 
mediately and may be stenli 2 ed in the autodav'e at a pressure of 
18 pounds, or if stenle water is used, by boihog for a few minutes over 
a free Same 

A 10 per cent solution of calaum chlonde is prepared by dissolvmg 
13 24 Gm of hydrated calcium chlonde (CaCh 2HtO), and making 
the solution to a volume of 100 cc The solution is sterilized by 
boding or autoclaving at 18 pounds, or is made up into 5 and 10-c c 
ampules and sterilized by autoclaving at 18 pounds Previous to 
injection the contents of the ampule are poured into 150 c c. or more 
of physiologic salt solution and mjected m this dJuUon 

If an exact percentage of calaum chlonde is desired, weigh the 
equivalent amount of calaum carbonate and add the exact amount 
of dilute bydrochJonc aad which will dissolve it Add enough dis- 
tilled water to the calaum chlonde solution to produce the proper 
strength One hundred Gm of calaum carbonate, not produced from 
marble, but of highest punty, when added to just enough hydrochloric 
aad for solution produces 111 Gm of calaum chlonde, enough for 
1110 c c of 10 per cent solution 

In dissolv-ing calaum carbonate use hydrochlonc aad solution that 
contains, by volume, about SO per cent of concentrated aad, add it 
gradually and allow the carbon dioxide to escape between additions 
After most of the carbonate has been diKoIved, add the aad very 
cautiously, at the end allow a few partides to remam undissolved 
This insures a neutral solution, which is boiled before it is made up 
to volume, to decompose any calaum bicarbonate which may have 
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been formed The undissolved paTtid^ of carbonate are filtered out 
before adjusting the volume 

Sodium Chlonde Solution — ^Use only sodium chlonde labeled 
chemically pure or highest punty , other samples may contain calaum 
or magnesium salts which cause turbidity, or in some cases preapitate 
after solution In transfusions a 06 per cent solution of sodium 
chlonde containing 3 46 Gm of sodium atrate { 2 NajCjHk 07 llHjO) 
for each 100 cc is used For intravenous purposes use a 0 9 per cent 
solution of sodium chlonde Weigh the salt and dissolve m tnple- 
disUUed water Stenlize the solution either by three successive Ixnl 
mgs or by one treatment in the autodavc The solution keeps indeli 
nitely but it is customary to discard any solutions more than one 
week old 

Sodium Bicarbonate Solution — Solutions of sodium bicarbonate 
lose carbon dioxide if heated It is, therefore, impossible to stenlize 
a solution of sodium bicarbonate with heat, unless it is done m a 
seated tube If sodium bicarbonate is dissolved m water and steril 
taed, only a ver> small fraction remains as bicarbonate and actually 
a solution of sodium carbonate is prepared A method for preparing 
a solution of sodium bicarbonate is as follows Weigh out cither 
sodium bicarbonate or sodium carbonate, dissolve it in water and 
stenlize with heat, then saturate the solution with stenle carbon 
dioxide gas 

Sodium bicarbonate is usually administered in concentrations of 
1 and 5 per cent 

Ampules of pyrex glass containing 70 c c of a 1 per cent solution 
are made and stcnhzcd by autoclaving at 18 pounds The ampule 
IS allowed to cool and to stand for at least twelve hours to insure 
reabsorption of all carbon dioxide The ampule is opened by heating 
the tip in 3 flame, and the contents are poured mto a stenle flask 

Sodium bicarbonate solutions in greater quantities are prepared by 
dissolvmg the required amount of sodium bicarbonate in oild stenle 
jwater No difficulty has ever been encountered in the stenhty of 
these solutions 

Sodium Carbonate Solution — The preparation of solution of 
sodium carbonate, as suggested by Fischer, is satisfactory 

FISCHER S SOLimoV* 

Sodjuia carbonite (NaiCOvlOIljO) 10 Cm. 

Sodium chlonde 14 •• 

DisuUed water enough to make 1000 cc. 

* rucher, M H. Oedema and Nephnti^ Jvew York, John Wiley and Sou^ 1915, 
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Sodium carbonate, U S P , may be used satisfactonly The 
crj-stallized sodium carbonate contamiog 10 molecules of water of 
crystallization is recommended Fischer's solution is a hypertomc 
alkaline solution Use great care not to inject the solution subcuta 
neously because the tissue vsnll following infiltration with it. 

This solution is not kept for more than a week 

Sodium Citrate Solution. — Sodium atrate ciystalhzes with several 
molecules of v.ater of crystallization The best grade comes m large 
transparent crystals containing approximately SS molecules (28 
per cent) of water (2Na»C*H60j llHjO) Keep it stoppered m a glass 
bottle, do not weigh or keep m a paper package Weigh enough salt 
to make a 2 per cent solution of anhydrous sodium citrate Two and 
seventy sex en hundredths Gm of crystalline sodium citrate will 
make 100 c c of 2 per cent solution of anhydrous sodium atrate 
SlenUze it by three successive boilings or by one treatment m the 
autoclave at 18 pounds Only fresh solutions should be used unless 
the preparation has been put into sealed ampules 

Magnesium Sulfate Solution —The best grade of magnesium 
sulfate to use is the oystalitne heptabydrate (MgSOiTH^O) A 25 
per cent solution of anhydrous magnesium sulfate is made by dis- 
solving 51 19 Gm of the hcptah>drate for each 100 c c. of solution 
This IS put into ampules of 2, 5, and 10 cc capaoty, these are ster 
ibzed by autoclaving at IS pounds 

Glucose Solution- — Glucose is admmislcred mtravenously with 
perfect safety, provided the important rules wth regard to its prep- 
aration and adimnistraUon are followed The important pomts are 
(I) The quality of the glucose, (7) the quality of the water, (3) the 
strength of the solution, (4) the preparation of the solution, and (5) 
the administration of the solution 

(1) The Quality of the Glucose — ^Vanous preparations of glucose 
vn thxw reacViow when valxasenowsiy Cet 

tain preparations will not produce any untoward effects provided 
they are not gixen too rapidly Others, seemingly just as pure, will 
cause death with as small an amount as 0.5 Gm for each kilogram of 
body weight It is not possible to detenmne which preparation wall 
produce the toxic action exaipt by direct tests of intraxenous injection 
m an animal Use only chemically pure preparations of gluoisc, and 
test each lot for toxicity by intravenous injection into an animal before 
It IS injected intravenously mto a human bemg 

Frequently it has been observed that m particular lots of dry 
glucose, even though kept in sealed tins, tonaty may develop after 
standing for a considerable time Glucose of exaillent quality pn- 
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manly intended for intravenous injection is now available cominer 
aally at a very reasonable pnce 

(2) The Quality oj the Water — Prepare stcnlc tnple-distiUed water 
as dcscnbcd 

(3) The Strength oJ the SoluUm Admtntslered —Solutions of glucose 
of from 5 to 50 per cent can be administered salely intravenously, 
provided the rate of administration is taken into consideration, the 
strength of the solution depends on the purpose of its administration 
A 4 5 per cent solution is approximately isotonic with tlie blood, and 
if the amount of fluid injected is of prune inaportance, use a solution 
of this strength For most purposes use a hypertonic solution The 
strength of the hypertonic solution usually admmistered is 17 to 18 
per cent Hott’cver, a 20 per cent solution is just as safe and much 
easier to prepare so far as computation of dosage is concerned The 
solutions most generally used contain 10 or 20 per cent glucose la 
special instances a 10 per cent glucose solution containing 1 per cent 
sodium chloride is desired If the amount of glucose administered is 
the factor of prime importance, determine the desired amount for the 
patients and then make it into a solution approximately correct 

(4) The preparation ej the Solution the weighed glucose 

in a small amount of hot, stcnlc water Then filler the solution with 
suction, using a funnel of the Buchner type, to remove any impunties, 
and pour the filtrate into a stcnlc pyret flask Add a small excess of 
stenlc water in addition to the amount necessary to make the solution 
of proper strength and concentrate to its proper volume by boiling 
for several minutes This requires ten to fifteen minutes Po not 
autoclave Take care, while boiling the glucose solution, not to allow 
tlie glucose to dry on the sides or bottom of the container Cool and 
inject at a temperature slightly less than that of the body Inject 
only freshly made sohiltans vitraienously 

(5) Adnttnisfrafwfi — The intravenous administration of glucose 
does not differ in any respect from the administration of other solu 
tions Inject at one Ume not more than I Gm of glucose for each 
pound of body weight 

It js well to repeat several of the salient points regarding adminis- 
tration of glucose Toxic products are produced tf solutions of glucose 
are auloclaecd or boiled for too long a period of time 

Slow injection should be Ue rule Forty-five to sixty minutes for 1000 
cc of 10 per cent glucose is sohijactory Solutions of glucose that have 
stood more than eight hours, other than in sealed ampules, should not 
be used 

Gum Acacia Solution — The acacia must be m the form of lumps 
(pearls), No 1, extra quahty Prepare first a solution of twofold 
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Strength and then ddute to the required degree of concentration with 
freshly tnplcd-distillcd water Prepare 8 liters of this solution m the 
following manner Weigh and place m a -i-Uter beaker 480 Gm of 
crushed acacia Pour approximately 500 c c of hot triple distilled 
uater into the beaker containing the acaaa and stir with a glass rod 
A Urge portion of the acaaa dissolves rapidly Carefully pour off 
the thick solution thus obtained from the residual acaaa into a 12 
liter round bottom pyrex flask and add to the residue about 500 ac. 
of hot, triple disUiled water The acaaa is reextracted with hot water 
by stirring and pounng off the supernatant solution This extraction 
IS repeated until all the acaaa is dissolved It is unportant to add 
only a small amount of water at each stage, as the acaaa goes into 
solution more readily when the lumps rub against each other freely 
and are not caked To this solution is added 72 Gm of sodium chloride, 
C P , and the total volume made up to 8 liters contained m a 12 hter 
pyrex flask This turbid solution containing some dirty impunties 
IS stenlized by autoclave treatment This solution is autoclaved 
at 18 pounds for periods of one hour 00 four consecutive days This 
sterilization results in the preapitation of some fiocculcnt matenal 
which IS objectionable Attempts to get nd of this preapitate by 
flltration and restenlization of the flltrate are of no avail since each 
period of heating results m further preapitation It is best to siphon 
off the clear solution above the flocculeot preapitate, under stenls 
conditions into stenie bottles These bottles containing approxi 
mately 500 c c of the acaaa solution are stoppered tightly with 
stcnle plugs and gauze Such a solution appears to be nontoxic 
Convenient ampules containing 100 cc of a 30 per ^ot solution of 
acaaa are now available on the market These require dilution to 
500 C.C with stenie water previous to injection and have been found 
to be satisfactory 

Sodium Lactate Solution. — Sodium lactate may be administered 
with or without glucose but is most commonly administered with 
glucose The solution may be prepared in the following manner To 
100 Gm of glucose is added 10 or 20 c c (depending on the concen 
tration desired) of commeraal 85 per cent sodium lactate This 
mixture is dissolved in slightly more than a hter of tnple-distiUed 
water and filtered To the filtered solution is added an amount of 
normal sodium hydroxide to produa a pH value between 7 and 7 5 
The pH value is determined ojlonmetncally by removing small 
samples during the alkalization The solution is then sterilized by 
boiling down to a volume of 1 liter 

Dye Solutions — ^The two commonly used dyes for mtravenous 
injection are mercurochrome and gentian violet Both of these may 
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be admiiustercd in doses of 5 mg for each kilogram of body %7ejght 
Jlcrcurochromc is generally gi\en m a dosage of 2 5 mg of the dye 
per kilogram of body weight 

(1) Mcrcurodirome —This is prepared in a 1 per cent solution by 
adding the required quantity of boiling sterile water to the weighed 
amount of mercurochrome contained in a small, sterile flask The 
1 per cent solution of mercurochrome is diluted by pounng into 
approximately 2S0 c c of 0 9 per cent salt solution and is given mtra- 
venousl> in this dilution 

(2) Ge/ilian Vtolel —This is used m a concentration of 0 25 per 
cent in a 0 75 per cent solution of sodium chlonde The solution for 
injection is made by dissolving 2 5 Gm of gentian violet m 500 c c 
of warm, sterile, triple distilled water When solution is practically 
complete 500 c c of a 1 5 per cent solution of sodium chlonde pre 
pared with stcnle water is added After standing for twenty four 
hours, the solution is filtered through stenle gauze into a stenle flask 
This preparation will keep for su monllis Gentian violet may also 
be administered in a sodium phosphate buffer solution or simply m 
tnpic-distilled water Prepared m this way, gentian violet is more 
soluble than in salt solution 

Solutions for Treatment of Varicose Veins —The four most 
commonly used solutions arc (1) A solution of quinine hydrochloride 
and urethane (2) glucose, (3) sodium salicylate, and (4) sodium 
morrhuate 

(1) Qxitmnt Uydrochlortdeand Twelve Gm of quinine 

hydrochlonde and 6 Gm of urethane are dissolved with the aid of 
heat in a small amount of stenle tnplc-distillcd water and then made 
up to a volume of 100 cc The solution is filtered, put mto 10-c.c. 
ampules, and sterilized by autoclaving at 18 pounds 

(2) Cluccsc — h 50 per cent glucose solution is used This is made 
by dissolving 50 Gm of glucose in sterile tnple-distdJcd water and 
making the ^olume up to 100 cc The solution is filtered, put mto 
10 c-c ampules and sterilized by autoclaving at 18 pounds 

(3) Sodium Sahcylalc — This solution, commonly used m a con- 
centration of 20 per cent, is made by dissolving 20 Gm of sodium 
salicylate, containing a trace of salic>hc aad, in stenle tnple distilled 
water and making the volume up to 100 c c The solution is placed 
in 10 c c ampules, and sterilized by autoclaving at 18 pounds Under 
some conditions a 30 or 40 per cent colution may be used To prevent 
the decomposition of solutions of sodium salicylate and the resulting 
brovrn discoloration the solution must not contain any free alkali 
Hence it is best to add a small amount of salicyhc aad in order to 
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insure an acid reaction of the solution Some commeraal sajnples of 
sodium sahc:>Iate crystals contain small amounts of salicylic aad 
In these instances it is not necessary to add a further amount 

(4) Sodium ]{orrhuale — Ihc substance most commonly used for 
treatment of \'ancose \ems at the present time is sodium morrhuate 
This substance is available commcraally In solution 


VIL WEIGHTS AND MEASURES, WITH EQUIVAIENTS 
METRIC 

Meter (uut o( lea^Ui) Millimeter (nun ) « te'es meter 
Centimetct (cm.) treter 

Kilometer • 1000 melera. 

Micron 0<) • nulluneter 

Gtun (unit «( weight) Miltgnm(mg) gg'gg gram. 

Kilogram (kilo.) « 1000 grams. 

Liter (unit of capno(y) Cubic centimeter ijlcr ■■ SamemestsurrasouUt- 

liter (ml } 


1543 grains. 

6.5a3draa ) 

0 035 ounce | At-oir 
0 0022 pound I 
0 257 dram [ 

0 032 ounce | Apoth. 

0 0027 pound j 
33 27 ounces (Avoir) 

2 2 pounds (A\oir } 
IJiaO (I approx ) quarts 
6tn2 cubic inches. 

1000 cu cenluneten. 


ISq Millimeter - 0 00155) 1 Cu MiUimeier -0^10006) 

J Sq Cenbmelcr — 0 looO >sq in 1 Cu Centimeter — OO&IO 

t Sq hietcr — IsW j I C« Centimeter — 0001 liter 

I So hletci - 10 76 so feet , /-.„ _ J cu feet- 

/ Cff Sleecf - ^ 4 cu in. 

1 Inch — 25J99 nullimctcn. 1 Foot — 30 48 centimeters 

1 Sq Inch — 6 lal sq centimeters. I Sq root - 0 093 sq meter 

1 Cu. Inch — 26JS7 cu egaumetets. 1 Cu Foot — 0.028 cu meter 



AVOIRDUPOIS WEIGHT 


1 16 drams, 
t Pound — 16 ounces. 


t Gram 
1 l>ran) 
t Ounce 
1 Pound 
1 Pound 
l^ound 


— 0 065 (g*g approx.) 

— 1 77 (1} apptos) 

— 28Ja (30 approx ) 

— 4a3 59 (SOO approx.) 

— 27 7 cu inches 
-^1 JIS Ifa .Troy 




846 


Apmroxx 


1 Dram 
1 Ouoce 
IPmt 
1 Golloa 


APOTHECARIES' MEASURE 


60 nunimt. 
8 drams. 
16 ounces. 
8 pints 


1 Dram • 3 70 
1 Ounce - 29 57 
1 rmt - 473 1 
1 Gailon - 37S5 4 
1 Gallon « 231 cu 


I cu ceniimetm 
inches 


APOTHECARIES' WEIGHT 


1 Scruple 

- 20 grams 


1 Gram 

. 

0065 

] 

1 Dram 

» 3 scruples •• 

60 grains. 

1 Dram 

— 

3 887 

> crams 

1 Ounce 

» 8 drams 480 grains. 

1 Ounce 

■■ 

31 10 

1 ® 

1 Pound 

— lloimcts 


1 Pound 

* 

373 2 

1 

To convert wininw 

into (uhte ttfitimelers multiply by 

0 061 

• • M 

Jlvulfuncn 

" cuttc crnlimclrrs 



29 ST 

" " 

paifU 

“ 

pams 



0 0643 

II (1 

drams 


poms 



3 887 

•1 « 

eiihtc eenliniflefs " 

ntHims 



1623 

11 II 

tuht eentinutrrs " fluulMtncts 



0 0338 

•I 1 

paiiis 

“ 

pains 



15 432 

II It 

patns 

" 

drams 


" 

0 257 


VIU 

TEMPERATURE 




CaiRiciAM 

Faiittjiem 

roneucs. 



rasitKaER 

110* 


230* 

37* . 



98 6* 

100 


212 

365 



977 

95 


203 

36 



96.S 

90 


194 

355 



959 

85 


185 

35 



95 

80 


176 

34 



93 2 

75 


167 

33 



91 4 

70 


158 

32 



89 6 

65 


149 

31 



87 8 

60 


140 

30 



86 

55 


131 

25 



77 

50 


122 

20 



68 

45 


113 

IS 



59 

44 


111 2 

10 



50 

43 


1094 

+5 



41 

42 


107 6 

0 



32 

41 


105 8 

-S 



23 

405 


1049 

-10 



14 

40 


104 

-13 



+5 

39 S 


1031 




-4 

39 


102 2 







38.5 


1013 

0.SI* 



1* 

33 


100 4 

1 

m 


U 

37.5 


99J 

2 

• 


36 




2-5 

- 


4.5 


To con\ert Fahrenheit into Centigrade, subtract 32 and multiply 
by 0 555 

To convert Centigrade into Fahrenheit, multiply by I 8 and 
add 32 
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IX. PER CENT AND PER MULE 

The mark, %, sjgnifjjng per centum, or per cent, is well known m 
Amencan and European literature In German, and in Scandinavian 
iiierature, another mark, %o, signifying per mille is not so well known 
to iVmencan students Mistakes m translating this sign as pet cent 
have occurred 

1 %o equals 0 1% 

X. TABLE OF NORMAL VALUES 

Albumin j^lubulm ntio 1 5/1 10 3/1 

Amino'SCids. blood 3 (0 S out. per 100 cc 

Bose Uoul) serum 14^ to 100 c c of truth oonaal base per 100 cx. 

BIl nibln ururo up to 1 5 tri; per 100 cc 
Bleeding time, rap llary, three emnutes or less. 

Calnum, serum 9 to 11 mg pet 10(1 cc. 

Carboa dioz dr eombtrimg power, plasaa. adults, 53 to 65 tolumes per 100 cc, cbildres, 
40 to SO v-otumes per 100 cx. 

ChVindes. plasma, 570 to 620 tog per 100 cc. 

Cholesterol phsma, 160 to 200 mg per 100 cc 
Cholesterol esters, plasma, 110 to 145 mg per 100 cx. 

Clot retneubty blood, complete in one to in-o hours. 

Coagulation time (vtoous), sis to ten minutes. 

Congo red (for smyloidosul, 10 to Upcrctntdisappcarssce m one hour, Psuaz test, any 
d>r m blood senun aTierone hour 
Creatinine, blood, 1 to 2 mg per (00 cx. 

Diastase, in unne, less than 300 units. 

Dideresual count Leukocytes total oureber 5000 to 9C00 per cu nun. of blood. 
Neutropb Is, 00 to 65 per cent. 

Lymphocytes, 2$ to 30 per cent, 
hionocytes, 4 to 8 per cent. 

EouQophns, 0.5 to 4 per cent. 

Basophils, 0 to 1 5 per cent. 

Nonfilament forms, less than 16 per cent 

Eni^mes, duodenal, trypsin, 74 Cm or more N libeled by 100 cx. duodenal contents 
24 Cm. or more of glucose liberated by 100 c c ol duodenal contents 
Erythrocytes. 4 250000 to 5.250 000 per cu mm. 

Fibnnogen pla-^rna. 300 to 600 mg per 100 cx. 

Filament nonhUment count, less than 16 per cent ooafilament. 

Fragility of erythrocytes, minimal resistance of 0 42 per cent T^aCl solution, manntal re* 
sistance, 042 per cent NaCl solution 

Galactose lelerancc flit er function) less than 3 Cm. galactose eccreled m fit e hours. 
Glucose tolerance (Standard) blood sugar at cod of half hour^not more than 150 mg per 
1(X) cx , normal blood sugar at end of Itro hours no sugar in unne 
(Exton), Siae as above, eacept blood sugar at end of onc'half hour 
not to exceed the first by more than 50 mg per 100 cx, and one 
hour sugar not to exceed the one-half bout sugar by more than 
30 mg perlOOcx 
Hematoent, 40 to 45 per cent cells. 

Hemoglobin, men, 14 to 17 Gm. per 100 cx. of Uaod, women, 13 to 16 Gm. per lOQ cx ol 
blood. 

Hippunc acid excretion of more than 2 Gm. hippimc aad. 
boa, blood, 46 to So mg per 100 cx 
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L«olbm. pUsmo. 200 to 350 mg p«r 100 cx. 

Upoids ((otiU), plasma SOOloaSOiog per 100 cx. 

Li\er funcijon, serum, bromsuiralua, do cI>x retentjofli galactose toletaocc (see under 
gahclosc) 

Nonprolan nitrogen, blood, IS to 40 mg. per 1 00 c«. 

Oj>Ktn capaniy blood, 15 to 24 cc. pci 100 ct 

PhfBolsuUonepl ihalcin unne (tctial (uncUonl, "iO pet cent or mote excreted ut two hours. 
Phosphorus serum (inorgamc phosphates), 4 lo 4 mg per 100 cc. 

Phosphatase, serum S units per 100 c c (Ikxlansky) 14 unjts (King and Armstrong) 

Potassiunt, serum. Id 10 22 mg per tOO c c 

Platelets, blood 125000 to 300000 (01 more) pet cu mm. 

Proteins (total) serum, d to 8 Cm per 100 cc 
"rrothrombin time '* plasma less than twenty minutes. 

Quick method 12 (0 14 seconds. 

Reticulocyte count, i lood, 0 5 to 2 5 per cenc 

Scditstnlation rale (Wmtrobc mcU od), mcA 0 to 9 mm in one hour women, 0 to 20 
mm In one hour (tVeslergren s method), less than 20 mm. in one hour 
Sodium, scrum 315 to 5.10 mg per 100 cc 
Sugar (glucose), blood ^ to 110 mg per 100 cx. 

SuUaies. blood fmorgsn c) 3 to 5 mg per 100 c c 
Urea, \ lood ot »li\a 10 to 40 mg per tOO <x 

Urea clearance 40 e e or more blood clrued per minute i( unite volun e Is less than 2 I 
c c per mmule dO c c or mote Idood cleared U unne vcOume is more than 2 c-c. per 
m nute 

Uriesnl blood 2to45mg pcrlOOce 

Uiic acid unM, 0 75 to 1 Cm in twenty (out houn 

Urinary diastase less than 300 units. 

Viscosity blood I 4 to 1 d. 

Volume blood *0 to 100 c c. per kdogram oI body weight 2500 to 1^00 c u per square 
meter ot body surface 
\ olume index, er) liuDcyies, 0 9 to 1 1 

XI MILLIEQCnVALENTS 

Many biochemists prefer to express quantitative Imdings m 
tmlUcqui\alents per liter, rather than \i\ milligrams per 100 cc The 
millicquivalcnts are the same as millimols per liter in all cases in 
vfhich the valence is 1 If it ts 2 the mtlliequivalents are twice the 
mdlimol values Amillimol is one thousandth part of a gram molecule 
The milhmols per liter arc calculated by dividing the milligrams per 
liter by the atomic vs eight of the clement and the milliequivalents 
per liter are given according to the valence Tor example, the normal 


ranges of certam human blood constituents arc 

hfg per 
lOQcc in 
scrum 

as follows 
Milh 

equivalents 
per liter 
of serum 

Mniimob 
per btei 
0 ! serum 

Sodium 

320<Jo0 

139-152 

139-152 

Potassium 

I6--22 

4 1-S d 

4 1-5 d 

Chloride 

2o0 300 

99-no 

99-110 

Calcium 

9-11 

4 5-S S 

2 25-2 75 

Magnesum 

2-3 

I 6-2 5 

0 S-I 25 

Carbon dioiide, volume per cent 

sa -00 

44-52 

22-26 
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LABORATORY FINDINGS IN IMPORTANT 
DISEASES 


XtiKess.— Harked leukocytosis, p 2W, bactena found m pus by direct smear, culture, 
or animal inoculation, staphylococci p 7tl0 
of Liver, Amebic — ^Tendency to sbkbt nculnphibc leukocytosis tnlh absolute in 
crease of cndothchocytn, usually maikctf leukocytosis in acute coses, endom 
oebae in pus after drainage is cslobliibn) p 490 
of Lung — Abundant purulent sputum, p ii, eiasuc dbere, p J6, neutiopbilic leu 
locyto^is, p 230 

Acetonurli — In children, normal and tci conditions other than diabetes, p 107 
AebriU Gcttrlea — Piminisheij gastnc secretion achlorhydria, p 462 
Acidous.>~Vp 648-CSl, p 63, protection against by ammonia p 84, carbon dmsfde 
ooRibiiung poHcr, tn adults Ulow lO per cent lodicatct oadosis bdotr JO per cent 
very markd acidosis, p 297, low blood poiasuum values, p 420 
Aetiaeayeesis.*>-' Sulfur” granule^, p 42, in sputum, pp 40, 42, 55, AettMmyeufar 
ciKKiit p.S5,A(tiiim)eahoTh,p SOS 

Addisoa's ~Hy^iogl)cemia, flattened sugar tclennce curve, p 390, blood sodium 

and potiusjuiQ low dunng crises, p 419 
Agraaidaotecif '-Agranulocytic angina, p 322, leukopenia, p 255 
AlkaptenvU —Unne darkens on sundingand reduces Fchling s solution, pp. 66^ 118. 
AUertT —Anaphylaxis, eosinoph tia, p 279, mtnOnal, eosinophils m stool, p 4^, tests 
for hypcrsu^ceptibility, p 821 
AmahUsis "-Amoebae in stools, p 437, pp 499-509 

Asrloidosis." Congo red test, dye retimed, p 554, amyloid disease ot kidney, p. 184 
serum globulin m imne p 90, waxy casts m unne, p 145 
Aseosia, — Diagram illustrating ihcclassiAeation of the anemias, p 501 

Acute Aplastic — P 513, prolonjxd blmling Umc, p 205, oliBochromenua, p. 209, 
oligocythenu't, p 217, high blood chlondcs p 585 
Pemicioux.— Normochromic macrocytic anemia, pp 501, 305, urobilinuna, p 115. 
leukopenia, p 256 low platelet count, p 245, polychromatophihs, p 259, 
stippling, p 259, rocgaloblasis. p 2M, macropoljcytes, p 285, reUculocytess 
p 295, poiLilorytosij^ an socytos s, p 2oSt rrfuced viscosity, P 528, achlor 
hydna, p 456, increase m urobilin and urobdinogen in duodenal contents, 
p 466, in feces, p 4 6. 

Simple Achlorhydric — Hypochromic miCTo^Uc, p 310 

Sidde Cell — P 511, normocbfoauc oucrocyttc anemia, blood uon detenmnation 
diminished, p 414 

See also arrhosis of the liver, hemoIytiC Icterus, chlorosis, chronic hemorrhage, 
mahgnanQr, sprue. 

Anguit 

Agranulocytic, p 322,hypol«ikocytjc,p 325 
A'inceot’s. — Berrdta ftticenii in smears, pp 512, 614 
Anierur PoUoisyehU* (Infantile Paralysis) — ^IiKicased cell count m spinal Quid, p. 007 
Asthracofis.— Gray or bladi sputum, p 41 
Anthrax. — ^Anthrax baallus, p SOI 

Avceadtdiis.— Leukocytosis, p 259, regeserattve shift to the left, p 27a 
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Arachnlditm. — Spider poisoning, “black mdow spider,” Lalroduits tTwtant, p 586 
AepergUloiIs.— p 635. 

Asihnia —Sputum, p 35, Cuischmonn's sjaiab, pp 38, 61, eoiinophilia, pp 57, 299 


BUstomyeosis —Pulmonary, p 43, Blaitomycca iermopiu, p 631 
BlepbaroconjuoctlTllia — Djplobacillus of Moraz and Axenfdd, p 617 
Botulism —Batfllus boltJtnus p 805 

Btala loIuiUi — InvoUmg fourth vcntnde, persisteat glycosuna, p 97. 

Brooehlocusii —Sputum pp 32 33, 60, Indicanuna, p 77 

BioneWtis— Acute, pp 32, 33, 60, chi(^^ pp 32, 52, 60, Sbn&ous, pp 34, 60, heart 
failure cells, p 

Burns.— Setexe, hemoglobmuna, p 115, hcmoglobiceiiua, p 206. 

Calculus 

Renal —Henatuna, pp 153, 183, cystinuna, p 134 Sulkomtcb test, p 132 
Vesicular— Hematuria, pp 153,186 
Caiboo Monoxide Poisoning —See Poisooioe 
Cudaoma. ** 

Leukocytosis, p 240, aneoua p 302 ^ 

Castnt.— Dirmnubem of dilonde cxcrcUon. p 74, hypothlorhydna or schloibydna 
p 456, changes la gastric duid.p 462, occult blood la feces, p 475, indicanutia, p 77 
See also malignant disease. 

Ctrobnemta — Carotin la blood scrum, p 423 

Chincre— ‘Dark field demonstration of Tuponeiuo feilidum, pp 641-644 
Chuerold,— IsolatvoB of QaaUus of Ductey. p S03 

Chlorosis— Hypochromte mierocyuc aacAia, p 301, obgocytheaus, p 217, ieukopeals, 
p 236. 

ChoUngltls —Uoderate Inikocytosis, p 239, teodeacy to jaundice and cboluna, p. 
Ill, increased bile pigment in blood, p 407, pus and bactma la duodenal dram 
Bge,p 449 

Cboleliihissls— Tendency to jaundm with cboluna, p 111, marked leukocytosis, p 
13&, momed VAood tholntero^ p 319, ^Veotenn oystals, aisurpbous bihxuV^ 
and calaum bilirubinate in duodenal drainage nutenal p 469 
CboUrs, Asiatic— Oliguns p 65. Indicanuna, p 77, albuminuna, p 89. leukocytosis, 
p 23S, comma baallus m stools, p 484. idcnitfiralioo of Kt4rio c^Neriie, p S06. 
CirrbosiS of LWer— -Increase of ammonium salts m the unne, p 84, urobilinuna, p 
113 antnua, hypochroouc macrocytic, p.301, bepaUc losulEcieacy shosm by func 
tional tests, pp 427-431 

Cotddioidal Granuloina —CBCOdioidu tmmuu, in sputum or pus, pp 43, 632 
Common Duct Obstruedoo.— Increase of amilase In nnne, p 87 

Conjunctivitis.— Acute infectious, “pinkeye” koebAVeekn* bacillus, gonococcus, strep- 
tococcus, diphthena bacilli, p 617 
Cyanosis Enterogenous. — SulTheinoglohui pp 205, 359 

Cjstinuns^Tctidetvcy to renal calculus, p 134 cysteine and cysUne in blood, p 376. 
Cystitis.— P 186, pyuna, 151, bematuna, p 153, baollmia, p 155 

Dlsbetea Insipidus. — Frequency of urmatloii pp 65, 187 

Diabetes Mellitus — Frequency, p 65, excittioa of ammonium salts, p 84, persistent 
glycosurm p 97 kvulosurva, p 103, aettnnuna, pp 105, 106 diaceiic sod In uiwe, 
p 109, polyuna, high specific gravity p 187, increased viscoaty of blood, p 328, 
increased blood cholesterol, p 379, decreased glucose tolerance, p 387, hyper 
glycemia. p. 3S9, acidosis, pp 648-653 

Diphtberit.— Leukocytosis, p 238, low blood platelet count, p 245, tendency to albu- 
minuria p 89, membrane p 612, diphthena baoUi, pp 612, 802, Schick test to 
detcraime immunity io Bonnil individual^ p 820 
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BSJ 

Hfttoltrt. 

Amebic.— Monocytosis In chrome cases, p 170, btood in stoob, p 475, pus p, 483, 
OuTODt Lcj'dcn erj-sub, p 434, Endamacia hul(il)tua m stools, p 487, Cnd- 
endtha kuu<f^i;ca, pp 490-502 cultivatioo of amebae from the stools, pp, 507- 
509, Craix’s complement fixiuon test, p 509 
Ba dl lary —Blood suiacd stools, p 475, nuotiphasts u stools, p. 4S3 bacilb of 
dj-scntcry m feco by culture, pp 485, 799, specific agslutmaUon tests, p (io<5 
SaJdrjiJium ult infrcuon Oulu's dysentery, pu 536, 

Etblaeeoccus Disesse — ^CosiAophilu p. 179, Taeata tcktiMttns, complemcat fiza 
UOQ cutaneous test, Ca»m, p 551, cucroscotHC exanunaUoa of cyst fimd. pp 551- 
553, prcapiUD lest, p 665. 

Etiamptls. — If gh Liood chlorides, p. 385 
Edeau ef Luac — ^Soe rulmonaiy ^ema. 

Etrpusn IfemsturUu — Due to 5<Au&Munss Arenufo&iuDi, pp 154 543 
ElrfbsstUsls. — Qi>)um, p ]u6, fJo/u Knen^lt lofccuoa, p. 565 
Eapjenu.— tndicaAiiru, p 77, purulent ciiuUu mih preponderance of neutrophils, 
p 591 

EnceptuUrli Leibucua. — Increase in su^at m spinal tlmd, p 602 moderate incTeased 
cell count ui spinal Tuid p 607 

Endocarditis.— Irxrease in mofiocj-tes, bacteremia, usually SlrtfloMeut n/iduM, pp. 
787, 791 

EantctlL— Of children, {trporunee of reaclioa of unne, p. 68. 

Epldermephytouc,— tJt(u$i$jU, p 633. 

EpUtpiy— KetoeeTue^et&ndt(eataent,p lOd. 

SrrnpeUa.— LeuLoeyiosu, p 338 

Etythxasma.— m««u/utimia,p 627 

Sorthrefflb.— HjperohroaetBia, p 309, poIjTythemia, pp 2]fH3]6. 

Fares.— fcAvTicff, ukaefiUiin, p 638. 

Fetct 

Febrile albuminuria, imtatioa of ludnej-s. p 89, loir blood chlondes, p 3So, increase 
in blood potassium, p 421 
CU&dular —See Infectious monooudeosia. 

Rebpsmg — FinditiK of Bcndta rctunaita in blood, p 511 

Scarlet— Ve Scarlet fner 

Spotted. — See Rocly Slountam spotted fever 

Trench. — See Trench fever 

Tjphoid. — See Typhoid fever 

Typhus. — See Typhus fever 

Lndulant —Slacioscopic agglutination test, p 6S9, Druedla aiortus, p SOS 
Filariasls, — Cbyluna, p 136, eosioopMia, p 279, Ftlana banerojti, see Elephantiasis, p. 
565 

FUaelUte Infection.— Intestioal, flagellated protozoa in fresh fecn esptnaliy after saline 
cathartic, pp 5119-533 

Fluke Injection.— rp 538-545, fosoofo h€foiua p S40, Optstharth* feli>teu3, p 541, 
Gmateku nnautt, p 541, PMulepsa btuh p 8*3, Feraidntmtu tealermansi (lung 
fluke), p 542, Schulotma AdemUehtutn, p 5^, SikuloseiM ruinsont, p 545, Stiu 
latdvus jap<utKum p 54i 

Practuies. — Unumted, high phosphorus content m the blood, p 404 
Frest Sites.— llemoglolAsenua, p 306 


Of Lung — P 61, byei formation cd sputum, p 83, elastic fibers m sputum, p 26, 
Spirochetes and fusiform bac^ to sputwo.p 57, leukocytosis, p. 239 
Gas.- Wefch a gsa baoUus, p 864, Ftirww uftiiue, p 861. 
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GttUld*.— Chrome, p 462, mcLcaauna, p 77, byperchlorhydru or hypochlorhydna, p. 
4a6 

Gastric Cuclaom* —P 462, occuU blood In stools, p 475 

Gtstiie Ulcer — 1‘ 463 tncltcanura, p 77, hyperctilorbydna, p 456, occult blood in 
stools, p 475 , 

Gestro intesdnel ObstrucIIon— Lovbloc- chtonde^ p 385 
CUrdUsii —Ctardta lauMiii in stooI\ pp 489, 521 
OlsodtsK— Ghnders bacUlus iwUt«l Iran Icuoa, p S06. 

GlycotuiU 

Alimentary or Tnnsitory — p 97 
Renal— Pp 97, 187, without bypcrglycemiatP 3S9 
Colter 

exophthalmic.— Marled relative lymphocytosis, p 263, low blood cholesterol, p 
380, prolonged glucose tolerance curve, p 3S9, see Hyperthyroidism. 

Simple —1 ympl ocylts not alTectcd, p 263 

CoDerrhet.— Gonorrheal threads In unn^ p 147, tendency to eosioophOla, p 279 gono> 
COCCI m uudate, pp 589, 797, gonorrheal opbihalmia, p 619, complement HutioD 
test, p 4a6 

GeuL— Change m uric acid content ol unne, p 63 tosie leukocytes, p 240, increase 
ol unc acid m blood, test for, pp 370 374, gouty tophi, sodium biurate crystals, p 
625 

Granuloois 

Cocadioidal —Ceccidieuia mmUn in sputum pp. 43, 632 
Inguinale —CiagtiOSkS by Donovan bodies, p 813 

Saut Dlsestc— Urobiiinuna, p 113 poorly compensated, diimnisbed pbenolsuKono* 
phlb'Uein output, nitrogen tetenuoo, p 1S3, reduced blo^ viscosity, p 328, lugb 
blood cbbndes, 335 

Bemschreastosls — Hemosiderin in unne, p 116. 

BemstuiU —la ifilasta, p 1S3, guaiac and benridine tests, pp US, 553 
BcmogloblniuU — P 115 paroxysmal p Ito autoliemolysis (Doaalb Landstdeer test}, 
p 754, (Marcbiafava ilichcU Syndraire), p 754 
BemepMlIe (UUedcr’e disease) —P 324, prolonged coagulaiioa test, p 197, prolonged 
“prothrombin time,” p 200, nonnal bleeding tune, p 203, resistant platelets, nor 
mal in number, 245 

Bemorrbsge — Chrome, hypochromic nucrocy lie ancxma,pp 301, 31L 
Bltioplisaosui — llitioflairia MfftliUum.p 633 

Bookworm lotaclion (Uocinanaais) — ytwo/erfwut iiedewle infection, p 56S, Nuaiur 
amtneanus, p 563, marked anrmn, occult blood in leccs eosuiophiLa, p 279 
Bydronephrosis —Unne may contain bilk or no urea, p 60 
Byperpitultarlsm — Piunounccd sugar tolerance cunt, p 390 
BypersensiUreness— See Allergy bkm testa, p 621 

Byperthjtoldlim — Uiw blood dioWstcrol p 380, prolonged glucose tolerance curve, 
p 3 0, tendency to abmcntaryglycosuiia,p 97 
Bypoparathyroidlsm — SulkowiUb test, p 132 
BypopitidUiUm — Tlattencd sugar iolMancc cune, p 390 

Hypoihyroidlsni.— Increased U«)d cholesterol, p 380, flattened sugar tolerance curve, 
p 390 

Icterus.— See Jaundice. 

Inclusion blensonhea, p. 619 

Islarctlon— Pulmoaaiy, rusty red sputum, p 32, pigmented cells, heart laflure cells, 
p 40 

Infection.— Leukocytosis, p 239, increased libnnogcn, p 378, polymorphonuclear leu- 
kocytes u exudate, p. 592. 



LABORATORY TINDISGS IN lilTOEXANT TiT«ira«;-pg 


853 


Ulecj-jut MonoaatI«o»Is^P 32t, increased amoiiat ol belerophile aatitody in bSood 
f rum, p TaS 

lBaoears.~Iftilueua baoUui predoaunatinc In sputum, pp. 54, S03, absiaice of leuko- 
cyles and tcoden^ to l>mp}iocyU)sis, p. 23P 


JsMdlte 

Caunhal — Bflc in unne, p Itl, slow coasulalwn time, p 197, decreased by addi 
urn of cakiuta, p 20J, increascJ blood viscosity, p 32S, inoease m blood fade 
pifmeiL p 421 

lloaolyuc (Congenital larnUal icterus) —Increase of urobiLn la unne, p. 113, 
nornuxiitomic microcyiic ancoua, spfiencai cryiiiocytci, p 310, »nrn»ay<t 
frapLly of erinhrocytcs p. 327 

Infectious.— Itpiuftra ule/ih-murrhacuu in blood and unne, p al3 

ObiljucJive.— liilc in unne, p 111, Ule pismtni increased m the blood, p 407 
increased resistance of bto^ cells to h^toaic salt soluuoo, p 327, ab- 
sence of urvibibn from fcccs, p 477 


Eala axar— 3fonoc>ti.si.s p. 270, I^eishnwn Doaosan bodies in splenic pulp and in 
blood, p 517 

Xeiosl*.— heioscme diit as unnary antisepui^ p. 106 Ostcrbeigs test for beU-ozy 
butane acid, p 110 ^ 

Ueutorlc.— Unnary findiASSi P ICN 
Ltad PoiMBlas.— S m I oiionug 
U>totpuesla.— Larson s teat* PP 513,610 

Liptetj— lDtfanasa]ulccra(«3<i5viithaci<lfastbacilb(nscnpin^p 615 B<xtilus Upra€ 
p S03 
Leakeola. 

Befice Jones pioleiauru, p marled tcuLocylows, p Z59, reduced blood viscosity, 
p 323 

Acute lymphalie, 319, prclonged blecdm;; lim^ p 203, decreased platelet count, 
p 345, lympbobLuts, 2S1 (Plate VI, iig 1), al>-pic Iculocytn, p 255 
Chronic t>inphaUc, p, 319, low platcfeC count, p 24?, lymphocytosis, p 239 (Mate 
VI, Hg 1), fragile ij-mpLocytes, p 2Sj 

Acute nijelogenous (rare), p 318, Ie>cr, moderate Iculocytosis, myeloblasts, per 
oudw reaction, p 2S2 

Chiooic in)ek)geTtous, p 317, increased platelet count, p. 245, eosmopbilia, p 273 
basophilia, p 2/9, {. 231, myeloblasu, p 232, peroxidase reaction, 

p 253 

Leukonhea . — rnchomenat taj^inalfr in \agin3l discharges, p 520 
Lipetais« — Lipids in blood very b gh, p 379 

lirer l>Js»ase.— HezsatcpOTpbynn in ymnt, p II8, retemita) c4 p. 4K, 

rose bengai test, p 429, galactose tokraoce test, p 430, hippunc acid test p 430, 
acute yellow atrophy, leuune and tyroune crystals In unne, p 132, leukocj'tosis, 
p 240, cirrhosis of bier, hypochromic macrocytic anemja, p. 310, increase of am 
momum sails in unne, p 84, urobiUnuna. p. 113, functional tests, pp 427—431 
LympbOEianuloma Inguinale — Fiei test, p 823 

21eUds,~Ftasmodia m blood, pp 526-536, urolRliauna, p 113, hemoglobmuna in 
‘ black irater" fever, p 11a, no increase in leukocyte, p 233, stippUng of eryth 
rocytes,p 259, polychromatophiiia, p 2o7, reduced viscosity of blood, p 328 
Htlignancy —Rena), bematuna, pp I j 3, 1S». Irakocytous, p 239, hypochromic nor 
mocytic anreua, p. 309, increased sedimentation rate of erythrocytes, p 329, high 
blood chlondes,p 3&5 See CaiQnoma, and Gastric caraooma. 

Ualtoauri*. — Desenbedoap 104. 
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Metsles.— Diaza reaction positive id unnc absent ta German measles, p 120, tendency 
to Uukopeiua wth lympboeytosis, p 239 
Meleoa Neccatorani — Descnlird <m pa£e 324 
MeltooUc Tumor — Mclanuna, p 119. 

Me&iBgiUs. 

PneumococQC, p 52 , 

Memrgococac —Leukocytosis, pp 239, COT, meninsococo in spuial 505, 

798 / 

Tubercufous. — Lymphocj’losis, pp 239, fiOI. protein 10 spina] fluid p 59(1, reduced 
amount of sugar m spinal fluid, p <i02 positive tryptophan lest, p, 603, tubercle 
baalil pp 45, 46. C04,Zoi>e 111 coUoid^ gold curve, p 598 
Mercury Foisoniog —See poisoning 
MonUissis—Momlia infection, p 629 
MicrosporosU — il ttrotpotum aondinlf p 627 
Mumps— Tendency to leukopenia, p 239 
Myeloffli, Multiple — Dence-Joncs pioteinuna, p 95 

Myiasis (Maggot inlestation) — Cliryremyto nutceUorM, “screw rronn," p 535, Der 
t?iaiobia homintt, p 585 

Myxedema. — Markedly elevated blood cholesterol, p 379 See Ilypothyroidisni. 

Hematoda lafectlaa — ' Round norm infection ” pp 558-577, Arcorit fumViCetder, 
‘stomach worm” p 559, Enlerthms tmnieutatu, piou'orm, p 563, Filaria baft- 
ere/li p 566, see Filanasis, and Depbantiasls, A>u}loit9tM dwienalt, p 568, Old 
Wotld hookwonn, NMint ainericenus, p 563, AoKnean bookworm, 5<roR{yfetdei 
sUrcofolu, p 573, TruhintiU r^rofis, p 575, see TncLuiasis, Tnchufu htekura, 
p 576 

Ktplicltli— Polyuna {ncbroQidnepbntia, p 65, edema, p 74,albuEamutia, p 89, Bence 
Jocn protanuna occasionally m cbroiue oepbntii^ p 95, naxy casta ta ad\aaced 
disease, p 143, granular casts, 143, blood casts m acute orphniia, p 145, hematuna, 
p 153. kidMir function tests, p 161. Moseotbal test meal, p 163,conc«&lTal)oa and 
dilution tests, p ’ l iU, utrogen retention, pp HI, 359, urea clearance p 174, Hench 
salivary urea test p 594, Addis ctossificaiion, p 177, reienlion of inorganic sulfates, 
p \8S,bVoodpiCtijte,p 481, reduced s-ucMaty.p 5li,mat8scdcbt>l«\nblm\jlood, 
p 37v, blood chloride aboie normal, p 355, increased inorganic phosphorus m blood, 
p 404 increased blood sulfates, p 416 

Ktybrosis— IfiCJcase of cbolesttiol m blood, accompamed by a deacose m Uood urea 
p 379 

nitrobenzol Poisoning —See Foisonmg 

Ortbosutic Albuminuria —See p 89 
Osteomaltcia.— Dence-Jones proteinuna,,p 95 
Oulis Medu— rneumococcusiP 53, streptococcus, p 790 
Oxyuriasis.— See Nematode infc'tio.i, EtUtrobutt rermicu/erfr 

FaDcitaiiUa.— Acute, increase «1 amylase in uruie, p 87, enzymes In duodenal contents 
dmumshed, p 432 

Tsiegunteilasii— SeerViiitnSettltm, ForotmrmurwerternMHii, p S42 
Paratyphoid PeveT — Boctifu) fwatyphnut, A and B, p 798 

Paresis — See Central nervous system sypbdu. Spmal fluid shows increase! globulin, 
p 596, increased cell count with lytopbocytosis, p 606. Zone I colloidal gold curve, 
p 598, pouuve 44 asstrmans reaction, p 749 
Pedteulosis. — Infection with lice, Pidttulus tcumttul, PedKuIus caputs, Phthnus Pubu 
p 582 

Pellsgia.— Indicanuna p 76, hypocldoibydna,p 456. 

Pemphigus — EosuiophiLo, p 279 
Paniosurta— P 104 
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p«dtoBiti9 — tndicanuna, p 76, Inkocytosu^ p 239 

Pertussis — Battllui fcrtusnt m sputum, pp 55, 303, marked lymphocytosis, pp 240 
26S 

Fheaol Polsoalai — See Poisoning 
Pbospbotus Poisoalng — See Poisoiusg 

Phthisis — See Tuberculosis. YeUowi^ gteea sputum, p 32, stapbylococa and strep* 
tocoed found with tubercle bacillus in sputum, p 52, red blo^ cells in sputum, 
p 59 

Physiologic Albuminuria — P 39 

Piaworm lafectloa — See Nematode lofectioo. Enierottiu termiaJaru (Oiyurls ver 
miculans), p 562 

Plague — Roctilus ^erfts obtained from bubo or sputum, p S07 
Pleurliy 

With effusion, noatuberculous. — Pneumococa 10 the exudate, p 52, decrease of 
chlorides in the unne, p 74, pleural exudate containing bactena and neutro 
phiU, p 59] 

Tuberculous — See Tuberculosis of serous membranes 
Pseumotajeosls — 'Pungi in the sputum, most often Aspntillus fumt£alas, p 43 
PneuzEoala — Due to pneurrococcus, pp 793-796 found in sputum, p 52, capsule stains, 
pp 53, 538, rusty ted sputum, p 32, croupous pneumonia p 61, albumin present 
in the sputum, p 59, ptoteoses m unne, p 96, vtobiUnuTl^ p tl3, leukocytosis, 
p. 239. degraerative «ign9 in white cells, p 278, usually mcreased blood vi<<tis)ty, 
p 328) increase of fibnnogeo, p 373, low blood cUondes, p 385 bypochloremia, 
aad deSot of blood serum base, p 419, pneumoiua due to FreuUlndePs bacillus, p 
54 

Poisemsg 

Carbon Monoxide — Carbozyhemoglobin, p 359 

lead —Hematoporpbyruiuna, p. 118, deteeboa of lead la the unne, p 124, tea 
deney to chiocue oephnus, p 177, stfpphog of red blood cells, p 259 
hleat — Detecuon of Gaertner's bacillus. Baallui rn/mthfu, p 801 
Uercuiy— Albuminuna, p 89, mercury m unne or stomach cantent3,p 124 
Slushroom — Hemoglobuiuna, p 115, bemogiobioenua, p 206 
Kitntea or KitrobeoroL — Methemoglobtn. pp 20a, 353 
Phenol — Urme blackens on standing p M, tests for phenol in unne p 125 
Phosphorus -"Leuace and tyroaioe crystab in unne, p. 132, hpuna, p 135, bleed 
mg time prolonged p 203, pofyej^enua p 217 
Potassium CUorate — Hemoglobtauna, p 11$, bemoglobmemia, pp 206, 358 
Ptomaine— Leukocytosis p 239 

Suifonal, Tnon^ or TetionaL — Hematoporphynnuna, pp 113, 359 
Tetrachiotetbane — Increase of monoQrtes, p 27Q 
Poliemytliiia. — See Antenor poliomyeblis. 

— i«- EeptirKsa*. ff/pwdrtaisosai^ p 2&9, lacressff ol e^lh/scyii^ 
p 316, increased blood snscosity.p 3Z8, oapiUary microscopy, p 653 
Porphyria. — Acute, congenital, p II6 

Pregnancy— Albumosuria, p 96, physiologic aevitrophihc feukocytcsis, p. 237, rup* 
tured tubal, leukocytosis, p 239, oormochronuc normocytic anemia, p 309, in 
cteased cholesterol m blo^, p 3M, increased fibrinogen, p 373, rapid scdimenu* 
tion of erythrocytes, p 329, Aschbeun Zondek test positive, p 647, Fn edm aa lest 
positive, p 647 
Prurigo — E^nophilia, p 279 
pMrissla.— EosiDOphiiia, p. 279 

Polfficaary Edema — P 61, blood tinged serous aputusa, p 33, albumin in sputum, p 59 
Purpors Haemorrhagfea.— P 323, dot soft and lacks reCractihty, p 199, bleeding time 
prolonged, p 203, normal platelets reduced in number, p 24S 
Pyebtis.— P I80, pyuna, p. 150, baoUuria. p. 156. 

Pyeienephritia.— Ctots composed of pus cefb, occaaionally found, p 145 
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Sibiei — Negn bodies in brain, p 621 
list btie Estw >-P 009 

Ramad a Diieue —Capillary microscopy, p 6S3 
Raiapalae Faver — SceFe\er Borrclia rmirrenlu in blood, p 510 
RheumaHia.— Acute articular— tendency to ncutnqihilic leukocytosis, p Z3!> 
Rhiflotporidlosla — Rlniwperidtum seebtn, p 632. 

Rickets— Lympbocyto&is, p 241,law pbospboiuscooUntiatlie blood, p. 404 
RJckettalal DUeataa^P 623 
Rlocwofffi.— Tnchopbj-ton infections, p 627 

Rocky Mountain Spotted Farer — Monocytosis, p 270, Rickettsia bodies, p 623, in 
termedate host, Dermcenlor andtrsetu, p 532 VVeJ Felis reaction, p 662 
Round worm Inlactioo.— See Nematode mlcctioo 


Sarcoma — See Malirpiancy Melania tn unite in melanotic sarcoma, p 119, tendency to 
leuVAcytosis, p 239 

Scablea — rertule of Sereoplu rcoite* found m bunoir la skin, p 578 
Scarlet Farer — Urobilinuru, p 113, leukocytosis, p 139, D5ftle'» inclusion bodies, 
p 277, eosinophilu to distinguish from measles, p 279, Dick test for immuruty, 
p 820 

Schistoaomlaalt.— See Fluke infection 
Screw worm Infectioo —See Afyiasis 

Scurry— Lymphocytosis, p 240, pUttleta may be reduced in number, p 24S 
Sepaia — Septiremu, rcseneriuve shift to the left, p 27a bacteremia, pp 788*790 
SlecpiDC Sleknatt — Alnoa, Lrypaaosooea 10 the blood p Sla mtermedate host, 
tsetse fly, p 516. 

Sporotrlchoala,— 5porotrir/iUM5<A«K(i(i p 629 

Sprue —Normochnnic maciQcyuc anenua, p 309, csccssise carbohydrate ferenenu 
Uon in stool, p 474 i/om/io pri/orma feces, PP 486 612 
Steiiiity —Sperm counts, p 64$ 

Supyuratiens — Cbxonic proteoses to unne, p 96 
SypbiUs 

Tnpoaeiiu palltdiun in lesioos, pp 56, 514, 641-644 lymphocytosis, 240, com 
plement (uation tesla, pp 721 7a3 flocculation tests, pp 669--72t 
Central Nervous System.— Llobulm in spuul (liud pp 596 597, colloidal gold re 
aePons, p 598 mastic lest, p 600 colloidal benzoin test, p 600, lymphocytes 
IS spinal fluid p 607 

Tibee Doraalia —See Central nervous system syphiliA Increased globulin, p 596, lyiu 
phccytes in spinal fluid p 607 Zone 11 colloidat gold curve, p 598, positive Was- 
sermann reaction in majority of spinal fluid tests p 74o 
Tapeworm Infection — Ova and segments to stool pp 54> 5SS, rornni taginaia, p 548 
T’uenia lahum p 549 roriiM tethmotatcus p SoO, Hyi unoltptt rntJu, p a53, 
{Jymtnoleptt dimnula, p S5o Dtpyhdium eamaam, DtphyUoboiliftunt laium p 
555, precipitin test p 664 

Tetanus ^Bactllut Iflani recoiered from wound, p 80a 
-^lee Ttroomng 

Thrombosis —Shortening of coagul iiion tune p I97 
Thrush —Endomycti aJbuans found in lesions, p 611 
Tiuea Versicolor— 3/ahMrr3jd/i/’//ir,p 627 

TonsiUItU — Veutrophil c leukocytosis, p 238, streptococcus or staphylococcus in ton 
siUit caidate, p 790 
Torulosis.— Foru/ii htslolylica p 631 
Tistbona.— Tracboma ca m epitbiiial ofls, p f 2U 

Tretnslode Infections —See Tiipewarm infections 
Treneh Fever — Ridiettsu and body bc^ p 623 
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Tnchlniatst — ^ilarked eosinophilia, p 279, Tttchmdla ifrudtx in muscle, p 57^, m 
spinal fluid, p 606, skin test, p. 823 
T^aatl Pofsonisc — See Poisoning HemaCopoipbynnuna, pp 118 359 
TTjpanoaomiafiii — Fp SlS-517, monocytosis, p 270 
Takejculo&is. 

Acute Miliary — ^Diazo reaction la unne, p 120, marked leukopenia, in some cases, 
p 236 

Intestinal — ^Tubercle bacilli m feces p 48S 

Pulmonaiy— P 61, tubercle bacilli in sputum, pp 30, 44, 803 yeUomsb-green 
sputum, p 32, clastic fibers m advanced cases, p 36, albumin m sputum p 
S9, increased platelets, p 24a, absence of leukocytosis mth tendency to lym 
pbocytosis os case improi^ p 263, degenerative shift to the left, p. 275, tu 
bcrculm in diagnosis pp 81^820 

Renal — Hematuria, p 153, tubercle faaciUiin unne, p 156, animal inoculation, p 607 
Serous hlembranes. — ^Tubercle baalJi in caudate, or absence of otber bacteno, p 
591 predominance of lymphocytes, p 592, animal mocuhtion, p 607 
Ulceration of Mouth and Pharyns P 614 

Tulsreaila« — Microscopic agglulmaUoa test, p 659 description of disease in B <U' 
larente, p 807 

Tjilieid Fever ->Posi(tve blood cultures with typhoid baeiUi, pp 787-790, tadiconuna, 
p 77, diaso reaction, p ttO, typhoid bacilli in unne pp 1^6,485 798 leukopenia 
degenerative shift to the Uft, p 275, Widal test, p 6s7 
Typhus Ferer ->Rickettsia bodies and b^y lice, p 536, Wed Teluc reactioa, p 662 

UlccrsUve CellUt ~?us in feces, p 483 

Dflduleat Ferer —Microscopic agglubeatioa test, p 659, desenpboa of Brucdla aiwiiu 
p 808. 

■Crethrltls— Pyuna, p ISl 
Urticaria — Cosiaopbdia, p. 279 

Virus Diseases — P 620 

Vemltlng — Penucious, of pregnancy Increase of amroomum salts in the unne, p 84 

£cetoauns, p 206. 

Wboopins CouBb — See Pertussis 
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iM iU.'w njir U /4X(i tlJuiSteltfni af^tar) 

A***, BonBiJ tmt in o>-thTocyte town. Add, mine, tad best test lot aJbunaa la 
226 unne 92 

AbijoU, dkajnonuni tn Ntsro, ttS wifosabo lie, test fordbummln unne, 92 

Al-OJixn, corUfiiou*. Uui]]ui o!. £0A Urunc, rultuir mcdjuai ior iuogt, ‘03 

AbtorptKin ificctn cl bcmsloita <!cmft uric; ia blood, 16J 
tivn, U5, dctermnaiion of, i'O 

Al>»arpu\-t pontr of stoaufb, 463 i» unne, 82 

Araoi soljiion for [fltfa\cnou( use, 342 unae.vdimefiUin. 123, 129 
Aunni, 377 urocUonLlic, in unne, 122 

ActUniliJ In urine. 121 Aci I (ut baaiti, 4S, 51 

Ueiicsetd So cutncosatnu, 452 AoUnyof unne, 67 

AcrlOMtuc aoJ in un’c, i07 <luanttU(iie olimatwn, 65 

Acetoce U»iie«, 103 fee aUo OtMt'u aid roUn'»trcl}>od.6S 

And Ptia-fiifliJjTu tot*3, of e»ttr< ftMtenti, 455 

in unfit, 104 TCfdct’i irttboii for, 455 

6<t«uc>*) of. 107 of unne >a aodout, 6^ 

Tn-naer’t test for, 10) Acufotui, 643 

Cunturs't tnt (or, 1Q7 dbill rcser\'« In 648 

(oiloform of, (01 tests for, 651 

lA cliIlflxKaf, 107 ammomum uh jn unne !a. 83>84, 653 

10 daUtes mcUitut. 106 buffer tetwn of blooJ and, 643 

tarec's tot for, 103 eaxbon dioixte eaxome t»%u of blood 

PoU^n'strst for, 103 648,652 

Ac>dorb}tffTt. 436 tau«3a of afiwlju-iir m. 652 

Acidoifa>dnc ar(*nU, kOu^le, 310 3(amott's method for, 652 

AcboLe stools, 471 coadiUons (avonns. 650 

Achonon Kh^Jon], cause of tivu>t 623, cxtmiie formaiioa of axads tnlfun body 
(S27, 6ja »n. 650. 652 

Achiomatic oblccU^es.? bydiosca (on concentration of blood fa, 

tone. 535 651 

Achilla guinea, (aatne contents w, 462 ifl diabetes melbtus, 1S7, 650 
Acia acetic. 452 SetUrds' bicarbonate test m. 69, 651 

acclo-acetic. m unne, 109 tests for, 651 

beU-orjbutj'nc, In unne, 110 Aad proof nood finish, 726, 727 

bone, m milh, (bale’s test, 633 Aods, bile, in unne, detection of, 112 

but^7rc,452 cacessive formaUoa willun body, fa 

CeviUmic, in blood, dclernunstioo, 437 aadosia, 650 652 

in unne, detcnmnation, 439 fatty^ in feces, 432 

deficit m guUic contents, 458 ftec, in Ktslnc contents, 451 

ducetic, in unne, J09 Coogo-red test for, 451 

fermentation of unne, 67 organic, in castric coairnts, 452, 458 

bematm, 353 Actinomjxcs bovis cultural charactensbes, 

methods for estimatlnjt hemoslobln, 209 803 

blppunc, test for Iner function, 450 faitamcus in sputum, 56 

homogenuwc, in unne, 118 bonums, 805 

bydrocUlonc, 444. 451, 456, 835 »n sputum. 42, 56 

in blood, neutralization of, 648 nunuUssimus, In eiythrasma, 627 

(Rtoncation, 105 AebnomyroauL putoonary, sputum jo, 42 

lactic, 45Z Addis* cast and cell count method for unne, 

qualitative tests, 453 154 

aioiybdate reageat, 595, 405 cealnfuse tube, (54 

«W 



Addis and Wilbur's method for urobilin 
duodenal conlenU, 4fiT 
in feces, 477 
in uiine, 11} 

Addison's disease, 305 
blood su^ tn, 390 
Aedcs aeg>pti, 5 '0, SJl 
Aeration method for ammonia in unne, 86{ 
for blood urea, 305, 369 

for ureo in unne, 81 
Aerobacter aefogenes, 800 
African sleeping sickness, organisms of, 5151 
Agar^ bed exitact, 7 Cp 0 
infusion, “(A 
blood, 708 
chocolate 769 
egg yolk, 767 
Lndo’s, 771 

cosin methylene blue, 770 
glycerol, 

hormone fllunloon) 770 
hydrolysed scrum, 774 
lactose Llmus, 771 
lead od-Ule, 772 
liver infusion, 765 
RusstU s tSouUe sugar 771 
Sabouraud s, for fungi, *68 
Sauer’s potato bbod (or uboopuig cough 
bacillus, 769 

Agglutination groups, 335 
^ blood. 3l| 

sources of error, 719 
technic, 338 
tests, 656 

for pneumococcus \yp^, 795 
U'snd 0 aALgens in, 661, 662 
in ideatitvcatMn o( bactona 662 
{oacroseopic, 657, 6a9 
Agglutinins, 656 

Agglutinogens, At and A,, 336 337 
demonstration, 341 
M and N, 342 
testing (or, 343 
lUi factor, 343, 345 
Agranulocytic aogms, 322 
Agtanulocyto»s, 312 
Agren and Lagerlof, duodenal tube. 465 
method for pancreatic amylase, 434 
pancreatic trypan, 433 
Aiellos test for tryiilophan lo ccrebio 
spinal duid, 602 6w 

Air, oiveolar, carbon dioxide tension of. In 
aadosis, (>52 
Marnotl’s method, 652 
bubbles in unne, I6\ 

Albert’s stain for diphtheria bacillus, 613 
Albumin in sputum, 59 
method for 59 

in unne, S8 &e also Albumwirta 
Albumin giobuLn ratio of blood, 377 
Albumin nitrogen detenmnaijon for blood,! 
377 

Kingsley method, 377 


Aliniimoometer, Csbacb’t^ 94, 94 
Albunununa, 88 
accidental, 88 
contact tests (or, 90 
Boston's method, 91 
horismascope, 91, 9J 
cycle, 88 
detection of, 90 
dietetic. 88 

I tbaeb's quantiuuvo method, 91, P4 
Lston’s quantitative method, 94 
test for, 92 
false; 88 

fomucin standards, in lest for 95 

from circuUtaty changes in kidney, 68 

from irntatiOB of kidney. 88 

(tom organic changes fn kidney, 89 

from pus in unne. 152 

heat and nitnc acid test for, 92 

llcllef'f lest fon 92 

in nrphntis, 17/ 

inpyxliiis 183 

lordotic, 88 

orUiosialic 68 

pbyuologir, £8 

postursi, bS 

1 unly s beat test for, 92 
quanuubve estunauoa, 93 
renal, 88 
nne tests for, 90 
Robert's lest (or, 92 
sulfosulicyl c acid tut for, 92 
tuts for, scheme for recording results, 93 
Tsuchiya s quantitative melw, M 
Albumose m unne, 96 
vXIcoh^ diluting method, 829 
tut meat. 416 

Aldnch and llench's method (or mercury- 
combming poncr o( saliva, 616 
AlmiLcmic leukemia, 319 
Abmcntary glyxosuru, 97 
liyncr^yccmia, normal, 337 
Alkali bcnutin J5d 
reduced, 358 
hematoporphynn, 358 
reserve in vuoo«is, WS 
tests for, 6al 

Alkaline pbosphatue method, lor scrum 
pltofpbonis, 412 
Alkabnc phosphates id unoe, 75 
iid^ 6) 

urine, sediments fn, 123, 136 
Alkaknity of urme, iiacd, 69 
volatile, 69 

titntaUe, of blood, 650, 651 
\lkalo4is, 651 

Atkapum bodies in unne 118 
Alkapionuna, in Nrgro, IIS 
AILrgy, tests for, 821 
Altitude and lymphocytosis, 26S 
and polycylbcnua, 217 
Alvares and Wight’s nvodificalioa of Greg 
ersca tut (or occult blo^, 475 
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Al>'eoUi air, caiboa dioxide tension in 
aodosis, 6o2 
3farTiott's metiiod, 652 
cells in sputum, 59 
Ambaxd 5 coc0iocnt, 172 
Amboceptor, 656, 607 
Amebac, mtcsuiu], 499, SO! 
cultiiatiOci ol, SOS 
dideienUation of, 506, 507 
Amebosis, complcment-rixatioa test, 509 
Amebic d>'sentei) , 499, 500 
Am^oid motion ol J^damoeba lustolyucn, 

Amino>aad tutroKn in blood, Danielson's 
method for, 374 
Folm and \V u, 365, J66 
Ammosia in neutnlizatioo of blood aads, 
649 

in unne, 83 

quantitatise estimation, &4 

Fohn Dell permutite method, 85 
Fohn hlotallum mioochemical 
metiiod, 86 

Ronchcse-5falfatu formaim meth 
od,&4 

Brown's modincaUoo, S5 
(utrtgei in sahia, 616 
inunae, 78 

Aamomousenesium phosphate co'^uls in 
unne, 76, 136 

Ammoaius biunte cn-stals m uno^ 139, 
IJS 

salts in unae tn aesdosis, 34. 653 
sulfate tost foe globulin ui cerebrospinal 
fluid, 596 

suiroc>anaie solution, 75 
Amorphous pbosphatrsin unne, 67, 75. 137 
EusulaUng casts, 147*143 
urates 10 unne, 67, 37, 130 
simulating casts, U7''14S 
Amylase m fcccs, 479 
in unne, 86 

Fabnaus-5l(fller test for, 87 
pancreatii^ in duodenal concents, Agreo 
and lagerltif method, 434 
hlcQure, Wetmore, sad Rcymolds 
mc.thi^6M,A54 

sahvary. test for, 615 | 

serum, aeteraunation, 436 1 

Amyloid disease of kidney, unne in, ISO, 134 1 
Am>loidosis, Congo red (Pauru) lest lor, 334 
Anaerobic butena, culture of, 734 

Brewer's apparatus for, 785 , 785 
Teln dish cover, 787 , 787 
medium for, 7S6 

Analysis. See Ciemual exatrumlwt 
Annlostoma duodenale, 568, S69 , 570 
Anderson and Thannhauser's cn^fleatioo 
ol van den Bergb's method lor senun; 


Anemia, 297 

schlorbydnc, 310 


Anemia, Addison's, 305 
blood sugar in, 390 
anlastiCj acute, 3t3 

blood picture in, lactora determimns, 295 
chlorosis, 311, JU 
dassiScalion. 293*301 
due to dehcicnacs, 299 
to Dipb^Ucb thnum latum. 302, 557 
to dismlegmtion ol blood, 300 
to injury of blood maUog organa, 299 
hemolytic, 300, 310 315 
mtn piroaysmal nocturnal beaogio 
binuru, 315 
hypcrchrnmic, 301 
bypochroouc, 301 
iron deficiency, 299 
Ledtrcr’i^ 315 
IcuLopcmr^ 319 
macrocyiic, 301, 305 
microcytic, 301 
nonnowromic, 301 
of clilorosis, 311 
of chrome hemorrhage, 311 
of onhosis of liver, 310 
of congenital famifiai icterus, 310 
o( hemol> tic jaundice, 310 
of hookworm disease, 568 
of lead poisOQuig, 303 
blood c^ 10, JO! 
of mahgnancy, a02, 310 
of pregnancy, 319 
of sprue, 3C9 

Ottenberg's classification, 299 
pcrrucious, blood cells to, 2j8, JOS, 309. 
J// 

posthemorrhape, acute, 302, 303 
progTcssivc, oOa 

secondary, conditionsproduang, 302 
sickle cell, 312, 3/2 
Anesthesia, toxemia foUowing, 106 
Angina, agranulocytic, 322 
bypolcukocytic, 323 
Vincent's, 614 
organisms of, 512 
Aagtiillujo acru. 5a9 
in urme, to9 

Andma gesAuux wolet stain fnt bactena. 

831 

Animal inoculapon, 607, 790 
test for leptospirosis, 610 
rabies, 609 
nil bite let er, 609 
smallpox or v acania, 6C9 
lubei^c bacillus, 51, (07 
parasites, 495 

alternation of generations in, 495, 496 

anemia due to, 302 

classification, 496 

tn blood, 326 

10 fcccs, 473, 4S7 

lA sputum, 43 

in unne, laS 

tntdtipliiafioo of, 494 
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llont I eilinKnn tr-clbud fur fkt la 
Brck «Ad iluU melivHl, {n c/i 

MUectllanrcuA, 3U ' 

BoJbi,it.iS5,5W 

B<c/ cilract ifif, ittcpintioa al, 706 
Iwilien, nzfpirailoa gf, 761 
uJuuoo, 763 
agar. (>r<r^raUon cf, 761 
tmuaton, prrparalioD aJ 763 
U{xi>urm, 5-18, $-iS 

lirtAcr, melhoj it heiB« marrutr ritm.m. 
IMQ, 791 

UclaKariacalf, 359 

IkU u>d I bba i (xnnuUte oieLhod lor 
monia lo iiruie, &S 
llcnre-Jemo’ jirotnft b arine, 93 
BercdiiV aitl InaWa mctheu for utif and 
In unnc. 83 

IScrniict aod littcixock'i unc acid tofutMn. 

J70 

Btnrdal Bock coJofifreter, 350 J/P 
BcntO ct'* method for blo^ unc «ad. 370] 
quatiUUU\« tseUiod («r gl 5 c 0 c.ru, (Ol' 
tolutloa. 97 
Uit iurfbcMtiila,97 
uric aadreigeait 371 

I>CDWR, \ut Irrrii, and Holinarfi *|>ro£c; 

>U» lot tot hiUopUamCrtlt. 65$ I 

llciudw puri>icattOQ of, Biog'« method, I 

e»«U(Wd,4t6 ' 

U»t for lUid. 3S3 
for Irfcovk'bo >0 unee, 113 
tor loor;:ini« tcualo ta knitn. 4)3 
cbUooUl. tot of cctebniicilnali 


Bileia cnor, 1)9 
pgnerl la Iwod.-dt 

Oloo'a rxeg usl io-, 473 
Gcnrlm * lest for, ll) 
tetmu utdex docfTJuaatwa, 424 
van dea B«sb'» cctLod fw, 424 

19 unae. dtuctsen of. 111 
Caul n'a lot. 111 
Smith * test, 111 

so'^Uhty of prcigyseoeca aad cUtpts- 
CDCCxti ai <i.drrenual tot, 792 
Hi ioma hanna^Ka, SU 
n Ihartlaus, 343 
IliLfucin m Lnae, 111 
t iliouro^ snd>caAai», 76, 77 
Bdji.ls'S us blood sen-si, Eitoa's risg test, 
423 

SlcNtc'a standard (or, 423 
na Jm tknh tad Crotepau' oeth* 
06 lor, 426 

van don Bcrgh'i method lot, 424 
ta duodenal coniratf, 466 
o (ten. 476 
la urine. 111 
Bilivmhn In unr,<; 1)1 
Das'! mtttsod (or aanScatioa ol b enn d ar , 
modi bed, 416 
Binocular imcrosom 23 
Itw^lcnmeter, Mett. 350, JIP 
DsoloSW colonnieto, 34# 

Idmufiatkon of onifiowa ptotdnj, 66 < 
skis (ott, jlS'fiU 
Black sputiui*< 33 
wsdoir splJrr polseurg, 3SS 



IN*0£X 


863 


iodQus o{ Uifluenu ia e> e, 619 
la tpulujn, SI, 5S 
pml>phoius V, 793, SQO 
B, 79^ 600 
penus&u, 603 
la $pu(uRi, SS 

Sauer*! potato i^tood 0^01 for, <69 
pcitu, 607 

protcut vulgons b una^ 15$, 16$ 
p>'OQaae*aa la unae, ISa 
iorgroa, la rputun, SI 
ipotoKtncs, 605 
Utoni, 60S 
tubcr^ous, 602 

uumol Inoculation metlioj for. St, 
037 

Aatilancji coacaUzOon metlioil 49 
Corpu oaO Uj ct's culture metbCKf, SI 
cultu^rcJ, SJ 

iluaresceat dit method for, 47 
Gabhet'i atomios method, 4S, $32 
la ctrcbrotpinol ^uid, U>i 
la cor aJec^ons, $2S 
m fecn, 4S5 
la is«nii*u; iputucs, 30 
IB pui, 569 
in ipuium, 44 
appeorooceof, 47 
coBcc&tratioa meU>od*i 49 
auim&s method t, 45 
la ulcen «f caoath, $14 
(a unae, 156 
culiure of, 153 
detectioa of, 156 

LCiBcr I oocccntnlioo method, 49 
Tapi •ciLnm'k tUiruns method, 4$ 
ZiekT^SetJuca itohua; method, 46 
lulorcate, 607 


ulood culture for, 737, 769 
la blood, 757 
la unne. 156 
wtlclui, 604 
xerosis, ^1 
90 conjunctito, 619 
Uactenn. odd fast, SI 
agsltitlaaiioo of C$2 
utaerohic, culture of, 754 
aafmgt inoculation, 790 
chojactemtlo, 790 
dossificatiOB, 603 
colonies, isolating, 754 
culluies of, 753 
aoae/olic aelhods, 754 
coUecuoa of matenol, 753 
incuhalioa, 753 
t&ooilating media, 753 
study of, 753 

Rt&m posiuve and gram aegaiive, 750 
higher, in sputum, 56 , . , 

ideatiucatioa, sesbt^^®** method ia, 
662 


Bacteria la blood, 32$ 
cultiutsof, 737 
eaumenbaa of, 769 
ut ccfcbtuspinol tluid, 604 
la duodciui coaicsts, 465 
lO ear, 625 
u»e)c,6l7 
m feces. 454 
b gaslnc conteati, 4$i 
in milk, 635 

technic for oounUng, 635 
b Bose, mouth, and phaijmx, 610 
>0 sputum, 44 
to unae, 67, 155 
cudoscopic cianunation, 753 
morphology of, slmning lor, 779 
motihty’, study of, 784 
obtaining, for vocmes, SIO 
siojjw/iv, 7*9, 
corbol thiomo, 530 
ciyuol xiotet, S31 
fuchsia, 531 
Reatua violet, 531 
Gram's, 780 
henutoz) bn, 531 
Iodine, 532 
methyl violet, S32 
methylcfie blue, 532 
Pyromae, 532 
Wroain, 533 
lie, 533 

casts la Mime, 146 

Boctenas, 510 
Bactenologtc apparatus, 755 
rfassiGcabon, 605 
methods, 755 
Boctermlyati. 666 
•phhcaUon of pnnoplea of, 663 
Boct^iun abortus, EOS 
tulsrcosc, 507 

Ooennann apparatus for culb\sUoa of 
hookwjia larvae. 573 
Bailey's modjSauoa ol bomioae agar. 770 
Balance bumsable, Cxton’s, 71, Td 
BaUnudium colt, S3& 537 
in feces 437 
muiutum, S37 

Ball and WBsoa's method for blood chlo- 
rides, 356 

BoikIs, Newtoa’a, 223 
Boog't haoUus, 805 

Barber sod Komp's thick him method lor 
plosinodia, 534 

Bim. total, in blood and unae, detenmna- 
Uoiu^ 419 

Bosket ccdls, 254. 2.75 
Basobtuhe granular degenerabon, 259 
Ici&otMes, 267, 279 
Vital Btaizung of, 296 
myelocytes, 260 

suppling, 259 , ^ , 

Bass and Johns’ concentrabon meiboa tor 
ploscodia, 534 


ttfflple, 

Ooctciulc 
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Seam Leilm&an melliod /or fat in tmlk, 6S7 
Beck and Hertz metiiod, m diagnosii of 
sickle celt anemia, 113 
Bedbug, 3&5, SSS 

Bed extract agar, preparation of, 766 
bouillon, prcpmuoa of, 763 
infusion, 763 
agar preparation of, 763 
bouillon, preparation of, 763 
tapewnn 538, 5-f3 

Beizer, method of bone rnarroie ezatnina 
Uon, 291 

Bdascans call, 559 

BeU and Tohn's pcmuUte inclbod lor am 
mania m unne, 85 
Bence-Jones' protein in unne, 95 
Benedict and Tranke 1 method lor unc acid 
in unne 83 

Benedict and Hitchcock’s uric aad solution, 
370 

Benedict Bock colonroeter, 350 H9 
Benedict’s method (ot bloM une acid, 370 
quantitaiive method lor gljcotuno. 101 
solution 97 
test for clycosuria, 97 
une aad reagent, 371 

Benaoa, Van t emu and tToUeger, epeo/lc 
skin test for hiatoptaamoms, 635 
Beoadtne punUcaiion of, Bisg's method, 
modified, 416 
teat for blood 354 
for hemoglobm m unne, US 
for inorgsnie sulfatei io serum, 413 
Benzoin, colloidal, test of cerebrospinal 
fluid, 600 

Berens Chapman, Ndsoo and Curao 
Diethod to dilTerentiate paihocemc from 
nonpsthogcDie supb>lococd, 791 
Berceys cmsiflc-itioo of bacteria, Sonety 
of Amencao Boctenoloosts’ adaptation, 
808 

Berksoo, Magalh, and Hurn, erj-ihrocytc 
count, 226 

Btmhara and Maue's modification of Meu 
lengracht's method for bile pigment in 
blood, 424 

Bernstein’s theory regarding blood groups 
and heredity, 341 
Beta-oiybutync aad la unne, 110 
Hart's test, tlO 
Osterberg's test, 110 

Bui sarctnol test (ot pentoses ^urtue, 103 
Kagcnt, lOS 

Bicarbonate test, Sellard s, ui aadosis, 69, 
651 

Bichromate cleaning fluid, 762 
Bile aads in unne, delecUon of, 112 1 

Hay's test, 112 I 

culture medium, preparation of, 776 I 

flotr, dimuiisbeg, indicanuna due to, 77 : 
fresh, exatunaUon cl, 463 I 

in feces, 476 I 

m gastnc contents, 450 1 


Bilcia unne, 110 
pigment in blood, 421 

CUon's nog test for, 426 
Gmebn's test for, 42J 
icterus index delcnmaatloo, 424 
van den Bcrgh’a method for, 424 
in unne, detection of, HI 
Gmelin's test, 111 
Smith’s test. 111 

solubility of pneumococcus and strepto 
coccus as diOcrential tut, 792 
Bilharua haemitobia, 543 
Bllhanlosis. 543 
Bililusanin unne, 111 
Uihousticss, Indicanimo, 76, 77 
Ddifubin in blood serum, Eton's nng tut, 
426 

McNee's standard for, 425 
van den Dergb and Crolcpass’ melh 
od lor, 426 

van den Bergh's method for, 424 
in doodcnal contents, 466 
la leces, 476 
in unne, Ilf 
Bibierdin In unne, 111 
Ding’s method for punflatros of bensdine, 
trifled, 416 
Hinocutar micnitcope. 23 
Bio<o}onmecer. Uetn 350, 3iP 
Biologic colonmeler, 3^S 
identifieatien of unksoirs ptoteons, 662 
skm tesu, 3>3'822 
Otack sputum, 33 
mdoiv spider poiwmtig 585 
Dtadder, calculus of, unae in, 186 
beinorrhage from, 154 
Scluslosoma haematobium ai cause, 154 
tuberculosis of. unne in 284 
tumors of unne la t&S 
DIairaod \4ilsoii medium, for Cveichii, 762 
Blastocysiis homiaia in feces, 486, 437 
niosiomyces dcnnatitidis, cause of blasto- 
mycosis, 631, 631 

Blastomycosis, caused by Blastomyces 
derautitidis, 631, 63t 
pulmonary, sputum In, 43 
Bltcdu's disease 324 
Bleeding time, 203 

DuWs method, 204 
Dltnaonheo, inclusion, 619 
BlepharocoojunctiVitis, 618 

aod m. neuUabsation of, 648 
agar, chocolate, preparaUoo of, 769 
potato, Sauers, for vhoopisg cough 
bsaUus, 769 
preparatios of, 769 
ag^utlnatlon of, 335 
sources of error, 339 
technic, 338 

ag^utinogens Ai and At, 336, 337 
M andX 342 
Kh factor, 343 
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Blood, albumin gjobulm ratio, dT? 1 

albumin nitrogen detenniiution, 377 j 

aU.aljCi!y of, titraUbSe, £o0, Ml j 

amino-uad nttiogea to, Danielsoa’a mcth 
od for, 374 
amount of, total, 191 
aiQ>hse, oeiciroination of, 430 
animaJ parasites in, 326 
antibodies in, 192 

aniicoagulaiiU in, bemoirhagic diseases 
resulting, 320 
aatiproUuombui, 295 
bacteria in, 326 
cultures of, 787 
enumerauon of, 7S9 
beaaidine test for, 354 
bile piftment tn, 422 

Elton’s nog test for, 420 
Gmelin's test for, 413 
icterus index detcnmnation, 424 
su deo Bergb's method for, 424 
bilmibin m, Elton’s nng test, 426 
van den Berah and Groteiiass' method 
for, 426 

van den Be/gh's cietJbod for, 424 
bleeding time, 2QJ 

Duke's method, 204 
BorreUa recunenus in, 327, 510, 5ii 
refnngms, SI4 
buffer action, 618 
calaum in, 195, 403 
Ume. 205 

TIsdidl’s method, Clark CoUip coodtS 
esuon, 403 

carbon diosde carrying potrer, 619 
as test for aodosis, 652 
monoxide in, 20S 
tests for, 206 

carotin is determination, 423 
casts in unne, 144 

cet-itatmc aad in, determination, 457 
chemical examination, 360 
obtaining blood lor, 360 
chemistry, 347 
chlorides, 3S5 

Ostrrbcrg and Schmidt's method for, 
386 

pboicloaetnc detennination, 387 
U ilson and Ball’s method for, 386 
cholesterol in. 580 
Bloor’s method for, 38Q 
esters in, Bloor and Lnudsoa’s meUtod 
for, 381 

clot, character of. 199 
retraculity of, 199 
coarnilation, 19a 
bleeding Ume, 203 

Duke’s method, 204 
calauin time 203 
character of clot, 199 
factors 193 
Honell’s theory, 195 
Morswitz theory, 326 


Blood coagulation, pre%tnUoo, 196 
prothrombin Ume, 200 
HoircU's method, 200 
tune, 197 

Duh^s method, 19S 
Howell s method. 199 
Lee and Wlntc’s method, 199 
methods foUoinng skin puncture, 193 
foilomog venous puncture, 199 
signiOcancs, 197 
color, 192 
index, 223 

csumation irooi stained dim, 257 
combined cholesterol, m hepatic damage. 
380,431 

corpuscles, red See Erylbrocyies 
white. See LeuixyUi 
corpuscular size and hemozlobin osntent 
234 

count, erythrocyte, 217, 223 
leukocytes 241 
platelets, 243, 245 
cteatinine m, 363 
detemunauon of, 309 
in aephnus, 183 
cmiS,26J.303 
cultures, 787 

for typhoid haciUi, 787, 789 
medu lor, 789 790 
method for, 788 
cystone to, 376 
Sulh\-aa's method for, 376 
cystine ui, 376 

delenrunaboo, quahuuve and cuanU- 
taliie, 376 
diseases, 297 

dismUgralion, anemias due to, 300 
mjunts due to, 299 

dried, on clothing, treatment for spec* 
Uosoipic test, 357 
dust of Muller, 191 
tDumerauoa ot erythrocytes, 217, 223 
of leukocytes, 241 
of platelets, 243, 245 
examination, bone marrow in, 791 
fibrmogen m, 193, 378 
determination, 378 
filanal larvae m, 500, S66 
films, fixing, 251 
chemical, 251 
heat, 251 

Eoimsky's plate for, ZSt 
making, 248 
spreading, 248 

Ehdich’s two-cover glass method, 
249 

shde-and-cov et method, 249 
t«o-shde method, 250 
stained, study of, 257 
staining, 252 
dukes. 542,545 

formation, 286. See also BttruHafousts 
fn^hty test, 327 
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Blood, fresh, treatment of, for spectroscopic 
testy 3SS 
grouping, 335 
and heredity, 34t 
for iransfusiQi), 335, 338 
standard groups, 335, 338 
technic, 338 

to exclude paternity, 337, 342 
t>-pmg 340 

groups, age at xvhich definitely established 
337 

inhentanccof. 337 
subgroups nathin, 336 
guaiac test for, 353 
bemin test for, 354 
hemoconcentraUon, 316 
hemoglobin In, 190, 205 See also lleuui- 

hurnan, to distioguish from animal blood, 
662 

hydrogen ion concentration, in aadosis 
651 

icterus index detemunation, 424 
in achlortivdne anemia, 310 
IQ Ad'lison's anemia, 305 
in agranulocytosis, 322 
In anemia, 297 
of pregnancy, 309 
in aplastic anemia, 313 
mcnlorosis, 311 
u arrhosiaof Lver, 310 
ui congenital familial icterus, 310 
in eosinophilic ItuVtnda, 320 
m feces, 475 
occult, detection of, 475 
Cregersen test, Aliates and Uight's 
modification, 475 

Ireatm^t of, Coc stiectroscoptc test, 
356 

in gastric contents, 451, 455 
test for, 455 

treatment of, for spectroscopic test. 
356 

in hemolytic jaundice, 310 
in hemophiha 324 
in hemorrhagic diseases, 323 
in hypolcuhocytic angina, 323 
In infectious mononucleosis, 321 
in Lederer’s anemia, 315 
in leukemia, 317 
in leukopenia, 322 
m lymphatic leukemia, 319 
in melena neonatorum, 325 
la monocytic Uuktima, 311 
in myelogenous leukemia, 317, 319 
in nephritis, 1&3 
in pemioous anemia, 30o 
in poiycythenua, 316 
in posthemorrhape anemia, 303 
in purpura hemorrhagica, 324 
in sickle cell anemia, 312 
in sputum, 32 
m stools. 475 


Blood in unne, 67, 152 
sources of, 153 

treatment of, for spectroscopic test, 355 
uoo In, 414 

Osterberg’s method for, 414 
isobemagglutlnation groups, 335 
lancet, Daland's, 193 
leathin in, Voungburg and Youugburg’s 
method for, 384 
lipids in. estimations of, 379 
lipoid pbospbonis in, method for, 384 
tnalanal p^asites in, 525 See also ifa 
/arraf pvasUts 
M and N aggluUnogenii, 342 
matching, 335 
sources of error, 339 
technic, 338 

nitrogen, amino acid, determioatiou of, 
374 

nonprotein, 363 

as evidence of renal insufSaency, 171, 
172 

deteiTiunation, Tolin and Wu’s meth 
od. 3&S 

phoielometnc determmaUon, 365 
obtaimog, 192 

for chemical examination, 360 
from siun puncture, 192 

oumatins coagulation time, 19S 
from superior longiiudtnal sinus, 19a 
from vein. 193 

esumatmg coagulation time, 199 
KeidtlS vacuum lube for, JP4 
to Wnght’s capsule d/7, 65S 
occult, in feces, detection, 475 
old, stains of, tteaimcot for spectroscopic 
test, 357 

opsonic indet, 666 
parasites, diseaMs due to, 327 
pathology special, 297 
phagocytic index. 666 
phosphatase m, uetcrmination, 405-414 
phosphate, inorganic, Dodansky's method 
for, 405-4 1 1 

photdometric determination, 411 
phospholipids, dcternuiutiOD of, lif 
phosphorus m, 404 
alkaline phosphatase method, 412 
Bodansky’s method for, 40o-41i 
plaques, 191 

plasma, bile pigment m, 421 
carbon dioxide combining power, 397 
Van Slyke and Cullen's meth 
od, 397-tnO 

manometxic method for, 400 
titration method for, 400 
carotin in. 423 

chlondcs in, Osterberg and Schmidt’s 
Kiethod for, 386 
fibrinogen m, 378 
dclermmiition, 378 
lecilhta in, determination, 384 
Lpids In, total, deternuoalion of, 379 
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ilood plasma, platelet coudC by Nygaard, i 
247 I 

wlume, cstimalioa of, 3J2-i54 
piatcfets, t9t, J5f(f 
eoumeraijon of, 243, 245 
cliiucal »giu5cance, 244 
direct count, 245 

diluting duids, 245 
Nygaard’s plasma count, 247 
Van Allen tliromboc)’l<>cnt, Z-t7 
formation, 286, ZSS 
stained, study of, 2S5, 2S6 
porphyrins in, 117 
potassium m, detemuoaboD, 420 
quantitative, 420 
pieapiun test, 662, 664 
preservabon, for cbeznical analyses, 361 
proteins m, lemov'il of, 361 
Folin’s new znelhod, 362 
Fohn Wu method, 361 
Baden's method, 362 
> Osterberg's modificabOD, 362 
prothrombin, 195 
tune, 200 

Kanell’e method, 200 
QmeVs simplified method, 201 
quantity of, total, 191 
reaction, 191 
reeogiution, tests for, 353 
sedimentstioQ rate, 329 
serum, 192, 195 

anr, hjdroljaed, preparabos of, 774 
ubuminnittogen determinauon, Sjocs- 
ley method, 377 
sad enter medium. Hiss*, 775 
bile piment in, 421 
biknibm in, Clton’s nng test, 426 
McNet’s standard for, 425 
s-nn den Cergh metbod for, 424 
ran den Deigh and Gnotepass* meth 
od for, 426 
calaum is, 403 
carotin in, 423 

inorganic phosphate m, 405-411 
lipase, 435 
deterroinabon, 436 
LblBer's preparation of, 773 
phosphatase in, 40>41l 
values in clinical cases, 411 
phosphorus m, 404 
potassium in, 419 
protein delcrtninabon, 377 
total, by falling drop method, 373 
sodium in, 419 
suUalain 415 

inorganic, method of Power and 
Wakefield, 4I5>4IS 

total protcuis in, Kiddahl method for, 
377 

sodium in. detcrminabon, 419 
iodomrUic, 419 
spea5c gtavily, esUmabag, 71 
ipeament, eoUecUns, 192 


[Blood, spectroscopic tests, Jaa 
I stained, study of, 24S 
! stains for, 252 

arbofthionin, 2S6 
Ciemsa's, 255 
hemataxylin and eosm, 252 
Jennet’s, 256 

Fappenheim’s panoptic method, 255 
pytonme'Dielhyl green, 2S6 
polydiromo meth>lene-blue-eosm, 252 
Rosenthal’s, 256 
Wnghfs. 253 

McJunLin's modificabon, 2a4 
stauis produced by, identify^ by pro- 
Qpitm test, M3 

Ueatment for spectroscopic test, 356 
succinyl sulfa thiazole jo, deterzninaboo. 
442 

■ sugar, 3S7 

estimations, Byrd’s micramethod, 396 
Folin’s nuerpmethod, 394 
tube, 391 

Fohn and Wu’s method, 391 
unproved. 392 
pbotelometMC method, 396 
in Addison’s disease, 390 
u) chronic nephntu, 390 
m diabetes mellitus, 3S9 
in hyper and bypofuncUon of ductless 
glands, 390 

m renal iMycosuru, 3$9 
tolerance test, 3SS 

modificabon of Eaton and Ro»«'s 
3S9 

sulfates in. detennioobon of, 415 
sulfonamides, determnuuon, 441 
sulfones, detemunaboo 442 
Tocimunn's test for, 354 
test, bencdinq, Jol 
guaiac,353 
bemin 333 
preopitin, 662 
spectroscopic, 355 

absorpuon spectra of hemoglobin 
denvabies, 356, 3o9 
tnalxnent of suspected material, 356 
Teicbmann’s, 354 
thiomboplasun, 196 
total base in. dcierminauon, 419 
hpid, of scrum, 132 
toaic destruction, anemias due to, 299 
tiansfustoQ, matdung bloods for, 335, 336 
Tndunella spinhs in, 327, 575 
Trypanosoma gambiense in, al5 
typhoid bacalit lo, 787 
typing, 340 
urea, 363 

deUtRunaboa, Folin and W u s method. 

Van Slyke and Cullen modiGcaboa 
of hlaxshall urease method, 367 
lanephniU, 182. l&l 
phoUloaiftnc method, 367 
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Blood unc sod, 363 

detemunatioo, 370 
Benedict's method, 370 
Folin’s method, 371 
modified. 372 
in nephritis, 13 j 
viscosity of 32S 
viUl Staining 293 

volume index, 229 ' 

Hadcn’s method for, 230 
hetnaiocnt determination, 230, 2Jt) 
Sanford and hlagalh's cxBtnfuge 
tube for, 231 I 

total, estimation of, 332-333 I 

watery. 192 

Bloomfield's formula for estimating gaslnc 
secretion 446 I 

Bloor and Knudson's method (or choJesterot I 
esters in blood 381 J 

BlooPs method for blood cholesterol, 3S0 ^ 
for small amounts of Lpid la bl^ 
plasma, 332 

Bluemel s modification of phenylhydraaine 
test for gl}C0suna V9 
Boas-Oppicr badllus in (ecea, 485 
in gaslnc contents, 461 
Boas’ reagent, 452 

stomach tube, 447, 448 I 

test for free hydrochione aad. 452 I 
Bock Benedict colonmeter, 350 349 \ 

Bodansky*! method for dcurrmnation of 
senim inorganic phosphate and of serum 
phosphatase, 405^11 
Bodo 

in feces, 488 

Body celU in feces, 483 I 

louse S&3 581 

Boeck and Drbohlav’s culture tncdimn for 
endamebae, SOS I 

Boerner and Lulcena’ modification of col I 
loidal gold test, 599 | 

tilratinn of antigen lor complemeot 
fixation test, 743 

Boggs’ modificaiiofl of Esbach method (or 
proteins in milk, 637 
Boil, Delhi, organism of, 518 
Bone marrow examination of, 291 
Brize’s method, 291 
Klima and Rosegger needle for, 291, 
292 

Schleicher and ^harp method of pic 
paring and staining 291 
mecnaniral replacemeat, aoenuas due 
to, 100 

tone destruction, anemias due to, 299 
Bonphilus annulatus 516 
Borchardt’s lest (or levulose in unne, 103 
Bordet Gengou hadllus, 803 
Bone and in milk, Goske’s test, 637 
Borowidcaja modification of i ange’s ie> 
agent, 599 
Borrdia, 510 
carun 511 


Bomlia duttonl, 511 
kochi 511 
novyi, 511 
rrcurrentis, 327, 510 
rdrinsens, 514 642,64/ 
vincentl,5l2, 614,6/4 
Boston's contact test for albumin In unne, 
91 

method of ttansporUng semen, 644 
Bots S8s 

Botulism, bamllus of, 806 
Bouillon, beef extract preparation of, 763 
infusion, preparation of, 763 
Bmm broth, dextrose, 764 
Bratton, method to determme suifonamides, 
In blo«! and unne, 441 
Bratton and Marshall, coupling agent m 
sulfonamide determination 441 
Brazilian trypanosomiasis, organism of, 515 
Breakfast, testj Dwald a. 445 
Brewer, clear liquid medium, 786 
Brewer, modification of Broum anaerobe 
jar, 785, 735 

Brewer new Peln dish for anaerobic cul 
ture, 786 787 

Dnek-dust depout in unne, 67, 130 
Bromides m unne, 122 
Bromsulfalcin test of liver function, 428 
Bronchia] asthma, Charcot Leyden aysCati 
In. 39 

Curschmann'i spirals in, 33, 39 
counophilia in, 279 
sputum in 18, 39, 37, 61 
casts in sputum, 34 , 34 
Bronchieeusis, sputum in, 60 
Bron^itis, acute, sputum in, 60 
chrome, sputum in, 34, 60 
fihnnous sputum in, 34, 60 
Brood membrane, 550 
Orovra, serologic leal for Weil s disease, 513 
sputum, 33 

Brown s modified formahn method for am- 
monia in unne, 85 

Brown and Magaib’s method for recovery 
of lapenorro head, 547 
Brucella abortus, SOS 
Bubbles, aic. In unne. 161 
Duboiuc plague, banllus of, 807 
Buell and Mrltler, Mar^afava Micheh 
syrndrome. 316 
Buffer action of blood, 648 
mixtures, Sdrensen’s table, 836 
solutions, Sdrensen’s phosphate mutures 
for, 8.36 

BQrker type counting chamber, 218 , 218 
Burnham, I evme, Vogel and ^izin Rh 
factor and etythrohlaiitosia fet-ilis, 344 
Burns, hemoconccnlrailon in, 317 
Butync acid in gnstnc contents, 452 

test for globulm in cerebrospinal fiuid, 
596 

Byrd i micromethod for blood sugar, 396 
BylhlruA atnatuU, 542 
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Cabot’s nng bodies, 263, Z63 
CafTeine Usl meal. 447 
Cslaum Carbonate in unne, 139, 13S 
chlonde soiuuoa loc mua\cnous use, 839 
u blood, 403 

TudaU’s metbod, CLub CoUip loodifi 
cation. 403 
oxalate m feces, 484 
to urine, lil 

phosphate crystals j;a uAoe, 237, JJS 
time of blood, 203 
urine, SuILotntch test for, 132 
Calculus, renal, hematuria lO, 153 
urine m, 185 
%esical, unne m, 186 
California disease, 632 
Calmette’s ophthalmo reaction, 818 
Camera for pbotomicrogTaphy, 22 
Cane sugar in unne, 104 
Capillary tmaoscopy, 653, 654 
pjpels, 760 

Cappaldi'i eggioJk afar, Herrold’a modifi 
canon. 767 

Capsule loRsalton lo dilferentiatjng poeu 
oocorcus ud streptococcus, 791 
X-yoa's, 6SS 

paeumoeoccus, Hiss’ method for, 583 
Rosenon^s method for, M 
South's method for 53 
14 nuht's, obtaining blood to, 6S7 
Catboh)dra(e, fermentation, excessive, la 
stools, 474 

^bol genuan violet stain for bacteria, S31 
Carbolfuchsin stain, Cxaplen^'a, 831 
Ziebl Necben, S31 
Carbolthionin stain for bacteria, 830 
for blood, 2o6 

Carbon dioude canyisg power of blood, 
6iS.&49 

as test for addosis. 652 
comhuung power of blood plasma, 397 
manometnc method for, 4Q0L 
401 

btrauon method for, 400 
Van Slyke and CuUeo method 
for, 397-i03. S9S. 3^ 
tension of alveolar air in aodous, 652 
Mamott’a methi^ for, 652 
monoxide hemoglobin, 205 

Hoppe- '^eylcr’s test for, 206 
Kau^ama’s test for, 206 
spectroscopic test for, 359 
Carbon laden (xUs ut sputum, 41 
Carbocyhemoglobin method of estimatiBg 
hemoglobin, 214 

Carcinoma of kidney, nnne m, 185 
of stomach, gastric contents in, 462 
Carlson and Giordano, defectis-e complc' 
meni, 751 

Carotin in blood serum or plasma, deter 
mmation, 423 
Carotinemia. 423 

Casom test, for echinococcus cyst, S22 


Castaneda's stain for nckettsu, 624 
Castor oil m feces, 482, 4Sl 
Casts, bronchial, m sputum, 34, 34 
bysdtne, under nucroscope, S, 142 
ui unne, 1 19 

amorphous urates and phosphates 
simulating, 147-148 
bacterial, 146 
blood, 145. W, m 
disuZcaliOD, 23^240 
containing organixed stnictures, 144 
counting, Addis’ method, 154 IS4 
cybndtoids sunulating, 147, t47 
cpii^al, 145, M. 145 
examination for, IM 
fatty. 143, 144 
fibnnous, 143 
granular, 143, 142 
hairs and hbess simulating, 14S 
hyaline, 141 , 142 
hSiihae of molds sunulating, 148 
to aepbnlis, 177 

mucous Ihiiads susulating, 146, 246 
oegalive-stajoing method, 141 
Borma) values and sig&ih^ce, 155 
pus, 145. 14$ 

In pyelitis, 185 
significance. 240 

structures Rely to be for, 

146 

tube. 139 
waxy. 142, N3 
Caudate cells, 149, 149 

af\ eolar in sputum, 59 
baRet, 284, 285. ZS5 
body, in feces. 483 
caztwn laden, in sputum, 41 
caudate, 149 

compound granule, m unne, 149 
QrbTOnc in sputum, 59 
cpithchal, iQ uwes, 4U, 450 
m sputum, 53 
in unoe, 148, 145 
ghost, m leces, 483 
gtanide, compound, in unne, 149 
guide, m sputum, SS 
heart failure, m «putum, 40 
m sputum, 43, 57 
in unne, 148 

Addis' count method, 154, 154 
mast, 279 

mesothehal, la effusions, significance, 59a 
pavement, in unne, loO, ISO 
pigmented, in sputum, 40 
plasma, 284 

polyhedral. In urm^ 149 
pus. See Put eorpujda. 
pynfonn, 14?, J4P 
Riser's. 283 
dsadow, in uiin^ 153 
spindle, 149 

squamous. In sputum, 58 
in unoe, 150, 149, ISO 
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Cells, tt&ositional, m unne, 150 
%xgcUl)le in feces, 474, 480, 4S0 
yeast See Veasl cals 
Cement for mackisg microscopic mateiu), 
18 

Cenco-Sheard-^nford pbotclometer, 215 
CcDUgradeand Fahteniieit lemperatuib, 846 
Central illuminatinn for microscope, 4 
Centnfugal method for eounuag vacanes. 
814 

Centrifuge tube, Addis', 15-f 

for blo^ volume uidex determinations, 
231 

for milk analj'Sis, 636 
Hopkin's, 814 

Cerxtopnyllus fosuatus, S&3, 5S3 
Cercariae, 540 
Cercomonas, 523 
in feces, 483 
Cetebrt'pinal fluid, 594 

antimemnsococcus-senim test, 602 
bacteria in, 604, MM, 605 
coHoiddl benzoin lest, 600 
gold test, 598. 59S 

Doemer and Lukeos* niodi6ca> 
tioD, 599 

BorowsLaJa’s modiricauoci, 599 
Lanse's method, 598 
cytology, 606 
dilfereniial cell couot, 007 
Dijiloeoccus miracellubru meaingitidu 

examination, S94 
chemical, 5^ 
macroscopic, 59S 
microscopic, 604 
globulin In, S96 
ammonium sulfate test, 596 
Xogucbi's butync aud test, 596 
Tandy’* test, 597 
in complement flsaUoa test lot syphilis, 

anticomplemenlary, 751 
qualitauv e, 748 
quantitative. 745 
in Kahn’s presumptive test for syphilis, 
700 

quantitative test for syphilis, 702 
standard test for syphilis, 698 
in Kline's test for syphilis, 677 
influenza bacillus in, 606, 60S 
mastic test, 600 , 601 
meningococcus fn, 604, 6iU, 60S 
Obe's ennchtnenl method, 605 
obtaining, 594 
parasites in, 606 
pneumococcus la, 606 
proteins m, 596 
colonmelnc test for. 598 
quantiiatiie meihoa for, 597 
sugar in. 601 
lotal cell count, 606 
TncbmtlU in. S75, 606 


Cerebrospinal fluid, trypanoi>omcs 10 , 606 
tryjitophan in Aiulo's test, 602 
tubercle IriciUus m, 604 
meningitis, epidemic, test for, 602 
Cestoila, 538, 545 See also Tapmotms, 
CevUarnic acid in blood, determination, 437 
in unne, dctwnunation, 439 
Chagas' disease, organism of, 515 
Chancroid, bacillus of, 803 
Chapman, Berens, Nilson and Curao, 
method to dilferenUate pathogenic from 
nonpathogenlc slaphylococd, 7 9 1 
Chaicot*{.eydcn crystals in feces, 484 
in sputum, 39, 40 

Chase, Faulkner, and Taylor's method for 
cevitanuc acid m blood, 437 
Chemical examination of blood, 360 
obtaining blood for, 360 
of cerebrospinal fluid, 596 
of duodenal contents, 466 
of feces^474 
of gastric contents, 451 
ol milk, 635 
of sputum, 59 
ofuVne,73 

ualton of blood Aims, 2S1 
Chemistry, clinical, 347 
Chtmotaxis, 236 

Cbeney, plasma coagubtion time test, for 
vitamin K deficiency, 201 
Cherry and Crandall’s method tor serum 
lipase, 435 

ChicLcnng, Cole, Dochez, and Avery meth 
od for pneumococcus types, 793 
Chiga flea, 584 
Chi^cn, 584 
ChilomastiK, 520 
ID feces, 487 
detection of, 489 
mcsniU, 520. 5l9 
Chloral hydrate In urine, 122 
Chlorides, la biologic fluids, pboto-electnc 
determination, 387 
m blood, 385 

Oslciberg and Schmidt’s method for, 
386 

photelometnc determination, 387 
hII^o and Ball s method for, 386 
in urine, 73 
detection of, 74 
quanutat i\ e esUmation, 74 

Volhord method, modifled, 75 
solutions for, 75 
Chlorosis, 311,311 

Chocolate blood agar, preparation of, 769 
Cholera, Asiatic, amdosis in, 650 
baollus of, 806 
leukocytosis m, 238 

Cholesterol esters in blood, Bloor and 
Knudson’s method for, 381 
ID blood, 380 
Bloor's method for, 380 
Cbiysomyia maceflana, larvae ol 584, SS4 



Cb>loid exucbles, -591 
Chylous exudates, 591 
Chyluna, 136 
£lanaeof,S67,J« 

Cdata, 493. 536 
Ctmec lectidanus, 585, SSS 
Cocalteu Folm reagent, 412 
Crcle method of courtUng leukocytes, 
Todd’s modification, 242 
Cirrhosis of liver, anemia m 310 
Qtrate, Sorensen fonnuh, 414 
OsnSottiaa o/ unac. 64 
Claric and C^Uip’s method for blood cal 
aum, 403 

dark and Karr, photelomelnc hemoglobin 
readings, 216 

dark, Wiluams, Post, and Kingsbury melb 
od for albumin in unne, 95 
for total protein la spiaaj 6 uid. 
597 

dark’s color comparator, 7TS i 

lamp, 597 I 

Clasmatocytes (endotheliocytes), 269, 269 > 
Qeanmg fluid, mduomate, 762 | 

of tmcTosco^ and lenses. 19 
solution for antinn effluUion, 674 
Clearance tests of kn^ey luacitca, diodrast 
for, 176 
laulm for, 175 

urea, in testing renal function. 174 
Cleveland asd Collier, culture medium for 
parasitic amebae, 503 
Clips, spring, for microscope, 18 
Qoaca, ia9 

Clonor^s sinensis, 541, 54f 
Ciostndium botulmum, £06 
perfnngens, £04 
scpticum, &4 
sporogencs, 803 
tetam, £03 

Clot, blood, character of, 199 
retfactihty of, 199 
Cloudy unne, causes of, 67 
Coagdalion of blood, 195 
bleeding time, 203 

Duke’s method, 204 
caluum time, 203 
character of clot, 199 
factors in, 195 
HotrcU’s theory, 195 
prevention, 196 
prothiombm time, 200 
Howell’s method, 200 
time, 197 

Duke’s method, 198 , 198 
Howell’s method, IW 
Lee and White’s method, 199 
methods loVomng sL/a pimcture, IPS 
venous puncture, 199 
significance. 197 

Coates, Happold, Pnestley, Wheatley, and 
htcLi»d ^tuie method for gonococci. 
797 
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Cocadioidal granuloma, caused by C 6 c> 
mdioides unmitis. 632, diJ 
Cocadioides unnutis. cause of cocadioidal 
granuloma, 632, dJJ 
is sputum, 43 
Coocidiunx cuoicuU, 523 
Coeffioent. Ambard's, 173 
Cohnutreptothna Israeli, 803 
Cole, Oocnez, Avery, and Cbickenng method 
for pneumococcus types, 793 
Cobc, mucous, 472 

Colhp iad CLirl's method hr Mood ctl- 
cium, 403 

Colloidal benzoin test of cerebrospinal fluid, 
600 

gold lest of cerebrospinal fluid, 59S, S98 
Boemer and Lukens' modifica 
tion, 599 

Bormrskaja’s modification, o99 
Lange’s method S9S 
Colon baallus, I 06 , 186, 800 
Colonics, bactenal, isolation of, 784 
^lony counter, 6^ 

Color comparator, Clark’s, 778 
mdez of blood, 233 

esUmatios from sUined Sim, 2S7 
of blood, J92 
of feces, 471 
of sputum, 32 
of unne, 66 

under imcioscope, best Ulumioation for 5 
Colorimeter, biologic, 34S 
Bock Benedict. 350, 34P 
Denison laboratory, 351 
Duboscq, 345. J4S 

Dunmnrs, for pheaolstflfoaephthaicu 
test, 166, 166 

Belbge (Autenneth Koenigsberger), 3a0 
350 

KJelt bio , 350, 349 
KoUcr, 348 

Peebles-I^wis, 351, 3S0 
pboto-clcctnc, 351 
Roseothai’s, 427 
Colonmetnc methods, 347 

for determination of leathm ui blood, 
384 

lor reaction of culture media, 776 
Comfort and Ostexberg’s method lor sex 
lipase, 436 
Comma bacillus, S06 
Complement, 656, 667 
in complement fixation test for syphilis 
defective, 7a0 
preparation, 737 

Compleinent fimtion test for echmooiccus 
disease, 551 
/or enda/nebae, 509 
for gonorrhea, 7^ 
for syphilis, 735 
antigen, preparation, 738 
aotisheep oemolysm, preparation. 
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Complement fixation test for s^hilu, ap- 
paratus requued, /35 
deaniDKof, 735 
cboire of n etbods, 745 
complemeni, preparation, 737 
difficulties, 750 

anlicompleffientaiy antiseo, 751 
sera, 751 

modified Sachs' method, 7S2 
defective complement, 750 
corpuscles, 751 
hemolysin, 751 
salme solution 751 
KoUner'a rtielhod, 735 
modified technic, 749 
outline 734 
qualitative, 748 
with scrum, 748 
with spina] fluid, 748 
quantitative, 745 
with serum, 745 
with spinal fluid 745 
reading of results, 731 
saline solution, preparation, 735 
saa, ptepatatwn, 739 
sheep corpuKles. preparauon, 736 
spmaJ fluids preparation, 739 
pnnaple of, 666 668 
Compound granule cells In unne, 149 
CoDceniration melhods for eodamebae, 509 
for hMkworm ova 573 
for ova in feces, 491 
for plastnodu 534 
for tubercle bacillus In sputum, 49 
test of renal function, 170 

rishberg s modification, 170 
Concretions in feces, 472 
Condenser, dark Geld for microscope, 6, 6 
method of using, 6-7 
for microscope, 8-9 
rcilecung 6 

Congenital familial icterus, 310 
Congestion of kidne)S, acute, urine b, 1761 
diromc passive, unne in, 176 ' 

Congo red test for amyloidosis, 334 

for free aads in gastric contents, 451 
Ccpiijugate suUal» in unne, 76 
Conjunctivitis, pseudomembranous, 618 
Connective tissue in feces, 482 
Contact tests for albumin in unne, 90 
Cooke and Ponder's daasificadon of neu 
Irophils, 275 

Copper tests for glycosuria, 97 
Coprozoic organisms, 523 
protozoa in feces, 483 
Comeal ulcer, pneumococcus In, 5S9, 617 
Corper and Uyei s culture medium, 766 

method (or tubercle baoUus is spa 
turn 51 

Corpuscles blood, red. See Eryihrccyks 
white See LeukoevUs 
pus. See Put eorpusclet 
salivary, 615 


Corpuscles, sheep, in complement fiution 
test for syphilis, 736 
defective, 751 

Corynebactenum diphthenae See Battllui 
diflUhtrtae 

xerosis See i7iKi//ur xerasu 
Cotton fibers in sputum, 33 
stenlization of 762 

Cough plate method for whooping cough 
brallus 769 

Couiicilmania lafleuri, 506 
Count, erythrocyte, “normal” error of, 226 
Counter, Queen colony, i-fO 
CouiUing casts and tn unne, Addu’ 
method, 154 , 154 
chamber, BQrker type, 21S 
double, 219 
Fxton’s, 155, 154 

Fuchs Rosenthal, for cells u spina] 
fluid 606, dOd 
Ifausser’s, 219,220 
Ncubauer ruling for, 241, 241 
Improved, 219, 219 

Poisson distnbuUon of erythrocytes in, 
226 

Spencer “bright Ime." 219, 220 
of erythrocytes, 216, 223 
of leukocytes, 239 
of (fliuleis, 243, 245 
vaccines, 749 
Cover for microscone. 19 
Cover glau method for hlood films, 249, 2-fP 
Cowdry, virus inclusion bodies, 620 
Craigs complemeni fixation method for 
endamebae, 509 

Crandall and Cherry's method lor struio 
lipase, 435 

Creatjn, photelometnc determmation, 370 
Creatinine In blood, 361 
determinition of 369 
pholrlometnc, 370 
lonrphntis 183 
nitra^en in unne, 73 
Crenaiion, 190 191 
Crisis, blo^, 263 303 
bcmoclastic, 235 

Croupous pneumonia, sputum m, 32, 34, 61 
Crystal violet stain for outena, 831 
Crystals, ammoniomagnesium phosphate 
in unne, 76, 136 

ammonium biurate, in unne, 139 
caloum carbonate, m unne, 139 
oxalate In feces, 484 
in unne 131 

Charcot I.eydcn in feces, 484 
in sputum, 39, JO, 40 
Q^tine, in unne, 133 
dtcaloum phosphate, in unne, 137 
••envdope” in urine 131 
fatty acid in sputum 37, 40 
heiriatoidin in feces, 484 
lierain,354 354 
in feces, 484 



CzystaJs in unnt, 128, J2^J3S 
Ifuane, m unne, 112. 113. J33 
pbenylglucozone, 99, 99 
senimal, 64d 

sodium biuratc. in gouty tophi, 624 
sullan )njT»ie densaUves, 115 
suHsdiaziae, US 
sulfapindine, US 
suKauiiazoIe, IS5 
steUai phosphate, in unne, 137 
thorn apple, In unne- U9 
tnple pbo<phate, la feces, 484 
in unne, 76, 1J6, US 
tyrosine, in unne, 132, 133, 13S 
hlQrner's test [or, 133 
unc aod, m unne, 129 
Ctenccepholus caiua, SS\ SS3 
Culbertsoa and Rose echinococcus (liagao< 
SIS, 351 

Culex pipiens, 529, S-10, S2i 
Cullen and Van Slylce's aentioa nethod (or 
urea 10 unne, 81 

method (or carbon dionde combining 
poser of blood plasma, 397-400 
rawfication of hlanhall urease method 
(or blood urea, 367 
Culture, baetenal, 783 
aoaerobic methods, 784 
collection ol laatenal, 783 
incubation, 783 
ifiocuLitins media, 783 
study of, 733 
blood. 787 
media for, 789 
method for, 78S 
media 763 

beu extract agar, 766 
bouillon, 763 
Infusion, 763 
agar. 764 
bouiUoa, 763 
bde, 776 
blood agar, 769 
Boeck and Drbohlav's, for endamebae, 
508 

Brener’s, 786 
chocoibte bfoodagar,.769 
Corper and Uyci’s, 766 
cystine, for B (ukrense, 77-i 
dextrose brain broth, 764 
Dunham’s peptone solution, 775 
egg, 774 
yolk agar, 767 
Endo’sagar. 771 
eosn methylene blue agar, 770 
for blood cultures, 7S9 
for C v,elclm, 765 
gelatin, 772 
gljcerol agar, 766 
■Hus' serum water. 775 
Hogue’s ovomucoid, 489 
hormone agar (Huntooo), 770 
hydrogen uia concentration, 777 
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Culhiremedia, hydrolyzed serum agar, 774 
Kracle s blood, 764 
lactose litmus agar, 771 
lead acetate agar, 772 
litmus nulk, 775 
liver infusion ^ar, 765 
LbiSer's blood serum, 773 
meat mash, 76J 
N N N medium, 766 
PeUoS^s, 766 
potato, 775 
preparation of, 763 
reaction of, 776 
colonmetnc method, 776 
titration method, 776 
Russell’s double sugar agar, 771 
Sabouraud s agar, for fungi, 768 
Sauer’s potato blood agar, for whooping 
oough b^iUus, 769 
sleniization of, 761 
storage of, 779 
sugar, 773 

tananc amd. for fungi, 768 
Tsuchiya’s, for endamebae, 508 
tubmg, 778 

of tubercle bacilli, 51, 158 
of unne, method, 157 
tubes, 759 
plugging of, 762 
preparation of, 761 

Curao, Chapman, Berens, and hfilsoo, 
meUiod to differenuate pathogenic from 
oonpathogeme staphylococci, 791 
Curds ID Icces, 474 

Cutschroann’s spirals in sputum, 38, 3S, 39 
Curvature of microscopic field, 11 
Cutaneous. See 5iin 

Cutting's maslic test of ceiebrospina] fiuid, 
600 

Cyanosis, enterogenous. 205, 353 
Cybndnc cells in sputum, 59 
Cyhndraids m unne, 147 , 147 
Cylmdruna, 139 

Cyst duid, microscopic esaminabon, for 
diagnosis of echinococcus dise:^, Sol 
Cysteine in blood, 376 

Sulbvan’s method far, 376 
Cysticercus cellulosae, oaO 
Cysime crystals ca Mood, 376 

determination, qualitative and'quan 
tiuu\e, 376 
in unne, 133 I3f 

medium for B tul^eose, preparation of 
774 

CysliQuna, 134 
Cystitis, unne ID, 186 
sedimeut of, ISS 
Cysts, daughter, 550 
hydatid, 550 
iodine, 505 

of Chilomastix mesnili, 521 
of Cndamceba cob. 50;^ 503 
histolytica, 501, 502 
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Cysu oC Endolimax tuna, 50j 
of Ciardia lomblia, 522, S22 
protowal, in fccu«i 487 
Cytodugnous of cerebrospinail dmd, 006 
of cfTu&ions, 591, i92, 593 
Mondclbaum’s melhod, 593 
CupIca&U'scarbal genuon violet stAin, 831 
caitoUuchsin stnia, 831 


Dalami’s blood lancet, 193 
D'Antoni lodue staio for intestinal proto | 
aoa, 488 I 

Danielson't method for ammo aad rutrogen 
in blood, 374 

Date 5 hcmoglohinomter, 209 l 

Dark tlcld condenser for microscope, 6 . 6 
method of using, 6 
dlnminatiuD for miuoscope, 4, 5 
Daughter cysts, 550 

Da\ idsohfl's inethod for detection of betcro 
pUUe antibody, 755 
of subgroups Ai and At, ^36 
Davidsohn and Kosenfdd, anti U and anti* 
N testing fluid*, 342 

Davies'lfinlon tlocculauoo test for syphilis, 
709 

Dasis, ticks and reUpung fever, St2 
Davis aad Stiles, coccidioidal graaulona, 
632 

Dausoa and Webster, mouse test for rabies, 
609 

Debaryomy-ces neofomuns, 631 
DecomposiUaa of exudates, ladicsauna due 
to, 77 

of urine, 64 

Dedciency anemias, 299 
De GaUntha method for spicocheles in 
tissue, 644 

Degeneration, basophilic granular, 259 
of Crawils, 259 
Degeneraiive shift to left, 275 
Dcicher Ilanganiuu test, 755 
Delhi boil, organism of, 518 
Dd^mt’t rose bengal test ol hver function, 

Demodex foILculoniio, 578, 579 
Denison laboratory colonmeler, 351 
Deposit, bnck*dust, m unne, 67. 130 
De RU as* concentratioa methoa for ova in 
feces, 492 

Demuicentor andersom, 550 
vanabilis, 550 

Dermatobia hominis, larvae of, 585, 555 
Dcrrualophitus penetrans, 584 
Dextrose brain broth, preparation of, 764 
in blood. See fifooa nifar. 
in urine, 96 See also Clycesuna 
Diabetes insipidus, urine in. 187 
mdlitus, Bcetonuna in, 106 
aadosii In, 187, 6a0 
anunoala dinunation in, 84 
blood sugar in, 3S9 


Dubetes mellitus, glycosuria in, 187 
unne in, 187 
pbomhalic, 69 
renal, unne in, 187 
Diaceticacid in unne, 109 
Gerhardt’s test, 109 
Lmdenunn's test, 109 
Diatoms in urine, 161 
Diaxo reacLion of Lhrlich, 119, 120 
substances in unne, 119 
u measles. 119 
in tuberculosis, 119 
m typlmid fever. 119 
technic of test, 120 

Dibothnocrphalus latus, 555, 555, 557 
Dicilauca phosphate crystals in urine, 
137 

Dick test for immunity to scarlet fever, 820 
DienlamOeba fragilis, 503 
Diet, keiogenic, 105 
Sanudt s, for examination of feces, 493 
Dietetic albuminuna, 83 
Differential count of blood cells, 265 
of cerebrospinal lliud cells, 607 
DiSraUion method, to measure etythco* 
cytes. 233. 214,232,233 
Digestion, gastnc, 444 
Digctuvekukocytosis, 237 
leukopenia, 235 

Diggs and Pettit, dugnosis of sicUe celt 
anemu, 312 

Dilatation of stomach, gastnc contents u, 
461 

DduUns^iuds lor eosinophil count, Suti'i, 

for erythrocyte count, 221 
llaycm^s, 2U 
Toisson’s, 221 
for leukocyte count, 243 
(or platelet count, 24S 
Guy and ].eake, 246 
Ecev and Dcker, 246 
W nghl and Kmnicult, 245 
Dilution lest of renal function, 171 
Dimethyl aminn-aaobcnaol lest for free 
bydr^krve acvd, 452 
Diphtheria, baallus of, 611, 801 
Albert's slain lor, 613 
in contuncUvitis, 618 
^cisser's slam for, 613 
leukocytosis m, 238 
Scluck test for immmuty, 820 
qiutum in, 34 

virulence test, by animal inocuIaUOD 60S 
Diphtheritic pseudomembranous conjunc* 
livilis, 618 

Diphylloliothnum latum, 209, 555, 556, 557 
onaruv due to, 302, 557 
Diplobaallus of hlorax and Axenfdd, 619 
Diplococrus intracdlulans meningitidis in 
cerebrospmtd ffuid, 604 
ojucosus, 793 

Morax aad Axenfdd. 617 
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Diplococcxu pRcuffio&jse, 52, SSfi See -■»>«> , 
i’netimococftu ' 

Dip>]]i}mm canmuin, 555 I 

Diet zs saacce al emc, 161 
DtseaMS, blood, 297 
gastfic conirnu in, 461 
imporbint laboratory findtags in, S49-S57 
sputum in, 00 
unne m, 176 
Disl, micrometer, 20 
Kei^comcr's standard, 212 
table for use with, 213 
Distlited water for intravenous use, 83S 
DisuUing apparatus for dctcetioa of acetone 
in unne, J07 

Distnbution, Poisson, of erythrocytes, m 
counting chamber, 226 
Dittnch's plugs m sputum, 33 
Dobnner and Rhoades, porphyTins, 117 
l>ochcz, A\ try, Chickcnng, and Cole 
method for pneumococcus types, 793 
Doc fleas, SS3, SSJ 
Dbole I inclusion bodies, 276, 377 
Donaldson's method (or protozoal cysts in 
feces Kofoid'a modifleation, 4SS 
Donalb Landslexou test, MacEciuie metb 
od, J54 

Donni's test for pus m unne, 67 
Donovan bodies la lymphogranuloma la 
giunale, S23 

Downey’s neo-unitanao theory of bemato* 
poiesis, 2S3. 2$9 

Drbohlav and Docck’s culture oedium for 
endamebae, 503 
Drugs m unne, 121 
leukocytosis from, 240 
resinous, in unne, 125 
Drunkard's pneumonia, sputum m, 32 
Duboscq colonmeter, 348, 373 
Ducrey’s bacillus, S03 
Duke on bleeding Ume, 203 
method for, 2D4 
for ooagubtion time, 193 
Dunham’s (cmieuialion tube, 773, 773 
peptone solution, preparation of, 775 
Dunnings colorimeter for phesokuUooo- 
pbthmein test, fdd 
Duodenal contents, 464 

amylase in, hlcClure, Wetmore, and 
Reynolds method for, 432 
bactenologic eaammalion, 46S 
bihrubm in, 466 
chemical examination, 466 
Endamoeba histolytica m, 46S 
enzymes in, 432 
Ciaidia lambha in, 46S 
microscopic exarmnation, 468 
paocrealic enzynus in, 466 
estimations, 432 
physical cbamcten5tic^466 
Strongyloides stercoralis in, 468 
tryixun in, McClure, Wetmore, and 
Keynolcu method for, 432 


Duodena] contents, urobilin m, 467 

Wilbur and Adda' mediod for, 467 
withdrawal, 464 
Cube, Cinhara’s, 464, 
introduction of, 464-465 
Dust, blood, of MDller, 191 
Dwarf tapeworm, 35.1 , 553 
Dye, fluorescent, to detect Mycobactenum 
tuberculosis, 43 

solutions for intravenous use, 779 
Dysenteiy, amebi^ 499 
bactlb, 799 i 
fa feces, 4^ 


I Cacls’s test for syphilis, 714 
I qualitative, with serum, 714 

I reading of results, 716, 717, 718, 

I 719, 720 

I quantitauve, with serum, 720 

I Eagle-Wavscrmann test for syphilis, 721 
quaiiUUve, with serum, 727 
quantitauve, with serum 727 
reading of rrsulU, 731, 732, 733 
Ear, bactena in, 625 
Cartbv phosphates in unne, 75 
Ebcrtbclla ty-pbosn. See BotiJlua lyphoius 
Edunowceus disease, 550 
diagnosis, 551 

by complement fi-iauon method, 551 
by cutaneous reaction, 551 
by microscopic euauoauoa of cyst 
fluid, 552 

by preapiun test, 664 
C^rd lest for. 822 
Eckcr and Rees’ diluting fluid, 246 
i^enu, moLgnant, baollusof, 805 
pulmonary, sputum m, 61 
Eel, vinegar, 5o9 
in unne. 159, 159 
Effusions, 
cylodnrnosis, 591 
Manaclbaum's method, 593 
Egg albumin test meal, 447 
medium, preparation of, 774 
Egg yolk agar culture media, 767 
Egyptian hematuna, 154, ta8, 543, 543 
Ebitich's aldehyde reagent, 118 
diaao reaction, 119, 120 
reagent, 113,479 

side-chun theory of Immututy, 667 
test for urobibnogen in unne, 113 
two-cover glass method for blood films, 
249 

Eimena stiedae, 523 
Einbom’s duodenal tube, 464, 465 
ClastK fibers in feces, 483 
Ml sputum, 36-37, 3S, 37 
Electrolytic Gutxeit teat for arsenic in 
unne, 121 

Elephantiasis, filanae of, 566 

Rhioospondium seeberi uifecUoa o 
eye, 633 
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Dton’s nne test for scrum Hirubln, 426 
theory of jaundice, 42J, 422 
Embadomonas mtestinaUs, 623 
Emoljonal gtycosuna, 96 
Endamoeba 499 
buccalis 5<M 
coh. 502, 50f 
cysts of 503, 50J. 505 
£ histolytica, LndoIima:(Danaand,5()/ 
diSerenliaUon, 506 

Craigs complement fixation method, 509 
dentalis, 5(U 
dispar, 506 
gingivaJis, 504, 504 
Hegtier’s concentration method, 509 
Heidcoham's iron hematoxylin slam (or,' 
490 I 

histplytica, 499 ' 

ameboid motion, 500 
cysts of, 501, 503, 505 
E coti, Endolimax caoa and, difFeren* 
tiatlnn, 505, 507 
in duodenal contents, 465 
m feces, 4S7, 499 
m sputum, 43 

macrophsges and, dilTercnusUoa, 499 
parasitic, cultivation of, SOS 
Endo's a^ar, preparation of, 77( 

EsuioUtnas nana, 505 
mts of, 503 

Endamoeba hislolyiicn, E coh and, 
difTerentiatioo, 506, 507 
Endomycea albicans, 611 , 612 
Endothelial leukocytes, 269 
in «putum, 58 
Endotheliocytes, 269 

Eatentit, caused by HistopUsma capsula 
turn, 633 , 634 
membranous, 472 

Enterobius venuculans, $62, 363 , 561 
Enterogenous cyanosis 205, 358 
Enteroliths in feces, 472 
Enteiomonas hommis, 523 
“E'nv elope ' crystals in urine, 131 
Enzymes in duodenal contents, 466 
estimations, 432 
m feces, 479 
pancreatic amylase, 434 
trypsin, 433 

serum amylase, determination of, 436 
Eosin and hematoxybn stain for blood 252 
and methylene blue stain for blood, 252 
Eosin methylene blue azai culture media, 
770 

EositvopKiUa, 278 
clinical signi6cance, 278 
Eosinophilic leukemia, 320 
leukccy trs. See Ecttnophds 
myelocytes 280 
Eosmopbils. 267. 278 
counling, diluting fluid for, 266 
In rflusions, signifcance, 592 
in lecesi 483 


Eosinophils in sputum, 57 
vital staining of, 296 
Epithelial casts in unoc, 145 
cclb tn feces, 4S3 
in sputum, 58 
In unne, 148 

Eipdlibnum, tutrogen. 78 
Equipment of ofEce laboratory, 826 
Ei^ermophyton inguinale, cause of cpidet 
mophy losis, 628, 629 

Epidermophytosis, caused by Epidcrmo- 
phytOD inguinale, 628 , 629 
Erysipelas, leukocytosis in, 233 
Error, “normal ' in erythrocyte count, 226 
Erythtasma, Actinomyces minuUssimus in, 
621 

Erythremia, 217, 316 

EiythroUastosis letabs, Eh factor m patho* 
genesis, 344 
Eiytbroblasis, 259 
Eiylhrecytcs, 189, /S9, 257, 31 J 
basophilic granular degeneration, 259, 
259,304 

Cabot's nng bodies In, 262 , 263 
counting of, 217, 223 
charging counting chamber, 223 
cleaning instrument, 227 
diluting fluids, 221 
illing mptt, 222 
Ilaussers chamber, 219 , 220 
hemacytometer for, 2tS 
“normal ’ error 226 
open or Bluker type chamber, 218 , 229 
sources of error, 224 
aenation of, 190, 292 
decrease of, 217 
in anemia, 297, 304 
diameter, 231 
enumeration of, 216 
foreiatioa, 290 
fni^ibly of, 327 
Mnford s method, 327 
bemoconcentralion, 316 
bemoglobm in, 190 
study in itamid Clms, 257 
Howell JoUy bodies in, 260, 262 
u feces, 483 
in gastric contents, 459 
■a liver disease, 431 
in sputum, 59 
in utuw, 152 

normal values and significance, 155 
iscicase of, 217 
anemia, t03 

Isaac s reiiactile gtanuie, 264 
■oaianal stippling 259 
meoMiremeat of, by diffraction, 233, 234, 
232,233 

megaloblasts, 261 , 262 
microhlasts, 259 
normoblasts, 259 , 260 
nuclear particles, 260 
nucleate in penuaous anesua, 307 
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Erythrocjtes, nudeated, agmficancc 
2<i3 

Pjjper apparatus to measure, 233, ZIZ 
Poisson dislnbuUon, in counting ch^ber, 

polychromatopbilia, 253 
reaslance to bypotonif salt solutjoa. 327 
wucukted, 2>M. 2N, W 
rouleaux formation, 190, IBO 
seiiinu.ntaUon speed, 329 
Wesiergren method, 331 
Wmtrobe and Landsberg dcttnaina 
Uoti, 330 

shape, vanattons in stained film, 2SS, Z5S 
sue, and hemoglobin content, 2^ 
stained, study of, 256, 257 
staining properties, vanatioos m, 25S 
vital, 293 

structure, variations m stained film^ 259 
\analions m stained film, 2o3 
%’iUl staining, 293 

Erythrocyiometcr, Haden Hausser, 234, 233 
j^throcytosis, 316 
«^sbach's albununometer, 94 

for estisaUng albuoiia m urue, 

for proteins u milk, Boggs’ modifica 
UOD, 637 
reagent, 94 
Esebenehia cob, 300 
anclilactio, 800 
in Mater, ciaminatjofl, 640 
oommunior, 799 
Espundia, or^nism of, 513 
Esiiio-autumnal malarul paiusite, 525, 532 
Ethereal sulfates m unne, 76 
Eviaid s salot test of motor power of stom 
ach, 464 
test meal, 445 

Exclusion lest for paternity, 342 
Exophthalmic goiter, lymphocytosis to, 268 
Elton’s counting ch^bv, IS-t 
immiscible balance, 71, 72 
quantitative meth^ for albumin in umuL 
94 

reagent, 92 
quantitaOve, ^4 

sidfosalic>Uc aad test for albumin u 
unne, 92 

Exton and Rose’s modification of sugar 
tolerance test, 389 
Exudates, 591 

decommsiuon of, mdjcanuna due to, 77 
Eye. 6J7 
bactena in, 617 
pink, 617 

using, 10 microscopic work, 16, 17 
Ej epieces for microscope, 9, 23, 24 
compensating, 10 
Uu> genian, 10 
hyperplane or penplan, 10 
micrometer, 20 
step, 21 
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Fabeiocs-M^ujce testfor amylasem unne, 
37 

Face insect. 579, S7i> 

Fahr and Volhard's concentration and dilu- 
tion tests of renal function, 170 
Fl^beig's modification, 170 
Fahrcnhal and Centigrade temperature, 346 
Fairhall’s method for lead la unne, 123 
Fallmg drop method, for total protem of 
btoad seniffl, 373, 379 
Famibal icterus, congeiuia}, 310 
Farley, St. Clair, and Reismgei count of 
ncuttophiL, 275 
Fasaola nepatica, 533, 540, 539 
Fasoolopsis buski, 542 , 541 
Fat dmplets in unne, 161 
globides m unne, 135 
ID feces, 482 

in milk, Ledmann Beam method for, 637 
neutral, in feces, 482 
Scharlach R stam for, 833 
Sudan 111 stain for, 8^ 

Hemheimer’s, 8M 

Fatty acid co^tals m spulum, 37, 40 
acids ID feces, 482 
casts (s unne, 143, J44 
Faulkoer, Ta>lor, and Chase’s method for 
cevitamic and in blood, 437 
Faust and Tobie, concentration method, for 
ova of islesunal parasites, 492 
Faust et al , pmtotoon cysts and helminth 
eggs in (e^ diagnostic technics for, 492 
Favus, 626 

caused by Achonoa schoenleiai, 628 , 629 
6JO 

Feces, 470 
ac^hc, 471 
amyfase in. 479 
animal parasites m, 473, 487 
Baallus aadopbUus in, 481 
bactena in, 484 
BaUnudium cob in, 487 
bile ID, 476 
bibnibm in, 476 

I Dlastocystis bommisia, 486^ 437 
I blood ID, 475 

occu/c, detecCioa, 473 
treatment for spectroscopic test, 356 
Boas43ppIer bacillus in, 481 
Bodo ID. 488 
b(^y cells m, 433 
castor oil in, 482, 4S2 
Ceromonas in, 4S8 
Chamot Leyden crystals 11^ 481 
cbrmica) examination, 474 
C2uloma5tix in, 487 
detecUOB of, 489 
collection of spearoea, 470 
color, 471 
oooaetions in, 472 
ooanecuve tissue tn, 4S2 
consistence. 471 
coprozoic pimoroa m, 4SS 
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reccJ, crystals 4S4 
curds in. 474 

3 Sts of protozoa in, 487 
islie fibers m, 483 
Endamoeba histolytica in, 437, 499 
enteroliths m, 472 
enzymes in, 479 
eosinophils in, 483 
epithelial cells m, 483 
eiythrocytts in, 483 
examination, chemical, 474 
macroscopic, 470 
microscopic, 479 
{atSTO,4&J 
fatly acids m, 432 
fermentation, 474 
fiagelLiies in, 488 
Ilcidenham’s iron hematoxylin staio 
490 

special methods for, 488 
food particles in, 480 
form, 471 
frequency, 471 
functional tests, 493 
motility, 494 
Schmmts diet, 493 
nuclei test, 494 
gallstones in. 473 
gas bubbles in, 474 
^lost cells in 483 
Ciardia m, 4S7 
detection of, 489 
neen, 471 

sooltnorm o>a m, 569 
Pepper's concentration method, 57f 
Stoll t counting {nclhad, 572 
faydroLiliruInn in 476 
detection of, 477 
quanUCative c*Unulion, 477 
in sprue, 474, 486 
insect larvae lOj 474 
intestinal sand in, 472 
norms in, 473, 491 
macrophag^ in, 483 
macroscopic examination, 471 
Qucioscopic eussanatios, 479, 4S9, 48f,' 
482 

mineral oil m, 482 
molds in, 486 
Monilia psilosis in, 486 
motility test, 494 
mucus in, 472 
muscle hhers in 481 
neutral fats m, 482 
normal, composition of, 47i 
occult blood In, detection, 475 

Gregersen test, AUatez and Wight’s 
modificaUOD, 475 
odor, 472 
ova in, 487, 491 
concentration of, 491 
De Rivas’ method, 492 
pinwonos in, 474 


Feces, porphjTins 10 , 117 
protozoa in, 487 

licidenhaiD's iron hematoxylin stain 
490 

probabilities of findint!, 489 
spcaal methods for, 483 
pus corpuscles m, 483 
putrefaction, 475 
putty «>lorc(l, 471 
quantity, 470 
reaction, 474 
sarcinae in. 486 
sardine scales in, 4S1 
Sebnudt’s nuclei test, 494 
test diet, 493 
soaps in, 482 
starch granules, 4S1 
Slrongyloidrs in, 491 
Taenia sagmata m, 491 
tapenorms In, 473 
tarry, 471 
Tnchmetla in, 474 
Tnchomcnas in, 487 
detection o^ 488 
liypsin m, 479 
tubctrle btallus in. 485 
typhoid-dysentery oactena 10 , 485 
urobilin in, 476 
detection of, 477 
Schmidt's test, 477 
quanliialive estimation, 477 
Watson s method, 479 
W libur and Addis* method, 477 
urobilinogen in, 476, 477 
vegetable uuue ta, 474, 460 
>ensls vn, 486 
yellow, 471 

ring's quantitative method for glyco 
tuna, 102 
solution, iOl 
test for glycosuria, 98 
Febx Weil reaction, 662 
Fermentation, acid, of urme, 67 
of feces, 474 

of inulin in diflerenUating pncumocomis 
and streptococcus. 791 
quanUtalivc methoa for glucose m unne, 
102 

test for glycQSuna, 100 
tube, Dunham's, 773 

Feements, pancreatic, u duodenal contents, 
432, 466 
I feces. 479 
Fever, losg^aatmued, blood cultures in, 
787 

Fibers, cotton, in sputum, 37 
clastic in feces, 483 
in sputum, 36-37, 36, 37 
lote^, in unne, 161, 160 
simulating cams, 148 
muscle, in feces, 431 
la unne, 161 , 160 
vegetable, 10 feces, 474, 480 
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Flbnnogen, dccteased, hcmoirb&^c diseases i 
Iroro, 326 ' 

m plasma, )7S I 

determination, 378 

FIbnnogcnopenui, acquired, bunoirbostc 
diseases resulting. 326 
congenital, hcmorroasic diseases result 
ing, 326 

brmonhagic diseases resulting, 326 
nbnnous bronchitis, sputum ui, 34, 60 
casts munne, U3 

FUamcnl aoafUament count o( ncuUnphiU 
275 

Flhna boncrolu, 159, 565, 5dd 
Ioa,507 
meibncnsis, S67 
Persians, 567 
pbilippmcnsis, 567 
sanguinis hominis, 566 
rihnal larvae m blood, 566, S66 
Filanfonn larvae, 574 
Films, blood See lilood flms 
rdter, light, for pholonucrograpby, 23 
rdtialioa ot urine to remove pigments, 61 
Fischer’s solution, SIO 
FUh Upewonn, SSS 

nshbera’s modification oi conccalntion 
test 01 renal fusction, 170 
riske and Logan, alkalimccne deterrmaaliofl 
of calcmra. 416 

Flske and Sublarow's method (or inorganic 
phosphate, Roe and Ululmore's modifies 
Uon, 4(1 

Fixation o( blood dims, 251 
Flagellar antigens, 661 
Fbgeilstes, 495, 509 
m feces, 4S8 

Hcidcnbain's uon bematoxylm stain, 
490 

speaal methods for, 483 
inteslinat, 509, 523 
LCfllci’s method for, 782 
Flasks, 759 
Flat warms, 537 

Flaws in gloss or cover as cause of error, 161 
Fleas, 5St, 583 
Tlexncr’i bacillus, 799 
Flics, Ian ae of, iSl, SSS 
Floaters m urine, 1ST, 589 
Flocculation teats for s>'pliilis. 669 
Davies Ihntoa’s, 709 
Eagle’s, 714 
Hinton^s, 703 
Kahn's, 689 
Kline’s. 670 

Florence’s reaction for semen, 646 
Fluid, cerebrospinal, S94 
Hayem’s, 221 

microscopic cxauunation, 27 
pcncardirl, 590 
peritoneal, 590 
pleural, 590 
Toisson’s, 22l 
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Iluoresccnt dye method, for acid fast 
bacilli, 157 

to demonstrate tubercle baoRus, 47 
Hukes, 533 
blood, 543, 543 
bver, 540, 540 
lung. 542. 5-72 
Focus, depth of, 14 
kocuung of microscope, 16 
for photomicrography. 22 
I oliti’s method for blood unc aad, 371 
tno<ii6ed 172 

micromclhod for blood sugar, 394 
ncir method for protein precipitation, 362 
quantitative estimation of aodity of 
unne, 6S 

revised copper solution (1929), 391 
tube for blc^ sug ir estimations. 39l 
fohn and Bell's permutite method for am* 
motua m unne, 85 

Folm nod Macallum's nucrochemica] meth- 
od for ammonia m unne, 86 
• >robttand Wu’s method for blood sugar, 391 
improved, 392 
for blood uret, 165, 3SS 
for aonprotein nitrogen (a blood, 363 
for removal o( blood proteins, 36t 
lor unc dod in urine, 82 
Folm and Youngburg’t urease method for 
urea m unne, 80 
Folm Ciocalleu reagent, 412 
Fontana Tnbondeau silver method for 
Treponema pailidum, 643 
Food particles id feces, 4S0 
m gosinc contents, 451, 460 
in sputum, 35 
poisoning SOI 
Formaldehyde In unne, 122 
jonssen’s test (or 122 
roroulm gentian violet stain for bacteria. 

m 

in milk, detection, 617 
xncibod for ammonia m unne, 84 
Fonnaainstandardf for albumin in unne, 95 
for (nCal pcoteios in cerebrospinal duid, 
597 

Fractional examiDation of gasinc contents, 
44P 

Fragility of erythrocytes, 327 
Sanford's method, 327 
Fronas* cystine medium for B tularcnse, 
774 

Franke and Reocdict's method for unc aad 
in unne, 83 
Fraunhofer’s lines, 355 
Frd test la lympbograsuloma inguinale, 
823 

FnodBtndcr^s bacillus m sputum, 54 
Fnedmon's test (or pregnancy, 647 
rzom’s syndrome, 596 
Prommer’s test for acetone in unne, 103 
FroUungham’s impresstoa method for Kegn 
bodies, 622 
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FrothiDgham’i modification of methylene* 
blue-fuchsm atain, 622 
Fniit sugar in unne 103 
Fuchsin stain in bactena, 831 
Fuchs- Rosenthal counting chanwee for celK 
in spinal fluid, 606 60S 
Functional tests of feces, 493 

of kidney, 162 See tdso St^itey,June~ 
ttcnal tests 

of liver, 427 Sec also iirer,/un6fwfldf 
tests 

Fungi, hair, in sputum, 56 
moUl, in urine, 100 
ray in sputuni, 42, 42 
Sabouraud's agar for, 763 
tartanc acid medium for, 76S 
thrush Oil 

Funnel, separatory. Strauss', 453, 454 
Furniture of office Uboratoiy, 826 
Fusiform boallus, 512 


Gahret's method for tubercle bacillus, 45, 
832 

Gaertner’s bacillus, 801 i 

Gal3cto‘< tolerance test of li> er function, 430 ; 
Gallstones in feces, 473 
Camclocytes, 527 
detection o( SU 
Ganirrene, gas, bacillus of, 804 
of lung sputum in 61 
Gas hubhlea in Iccrsi, 474 
gangrene, lunllus of, 804 
Gastne carcinoma gostne eontents to, 462 
contents, 445 , 460 
an i deficit m 457 
acidi^, tots! 4$S 

Topfer’i method for, 4S5 
sod^trce 4St 

Congo-red test tor, 451 
organic, 452, 453 
bactena in, 461 
, bile in, 450 
blood in, 451 454 
test for 455 

treatment for spectroscopic lest, 356 
Boas-Oppler baolJus in 461 , 461 
chemical examination, 45l 
erythrocytes in 460 
exammaiion of 444 
chemical 451 
fractional, 449 
microscopic 459 
pbj’sical 450 
routine 445 

food particles in, 451, 460 
fractional examination, 449 
hydrochloric acid in, 444, 451, 456 See 
also fJvdroelJorte attd 
hydrogen lOn concentration, 458 
in ach) lia gastnea. 462 
in atrophic gastniis, 462 
in chronic gastntis, 462 


: Gastik contests la dilatatioa of stomach, 
461 

in disease, 461 
in gastne caranoma, 462 
neuroses 462 
ulcer, 463 
lactic and in, 452 

quditalivr tests, 453 
Lcptotnchjs buccalu in, 461 
microscopic examinatioo, 459 
mucosal tissue in, 451 
mucus io, 450 
obtatmng 445 
pepsin in, 4»t 458 
ifammerschlag’s method, 458 
Melt's method, 459 
i|uatitati\e test, 454 
pepsinogen m, 453 
qualitative test, 454 
physical examination, 450 
pusetUsin, 460 
reaction, 450 

rcomn in, qualitative test, 454 
routine examination, 445 
saranae in, 460 
test toeais, 445 
tests, qualiuiive 451 
quanlilativr, 455 
xnthdta«al, 447 
yeast celts in, 460 

motility, CwaJd s salot test for, 464 ^ 
neuroses gastric contmum, 462 
secretion tiimuUuoB of, by hUtamme 
latectwns, 446 
tubes. 447 

introduction of 448 449 
uket, gastne contents in, 463 
Gasmiis. atrophic gastne contents in, 462 
cbiomt, gastne tonteots in, 462 
Gastroxucrorrhea 462 
Cause slcnlimtion nf 762 
Gelatin culture medium preparation of, 772 
GeoUan violet soluuoa for intravenous use, 
W4 

st^ns for bactena, 831 
Genghty and Rowntree’s test for renal 
function, 163, 165 

Geragbty, Keito, and Ronntree method for 
blooil and plasma volume, 312 
Gerhardts test fordiactucai3d{auruie,109 
Ghost cells in feces. 483 
Ciardia in feces 487 
detection of, 489 
lambU 521 522 
HI duodenal contenU, 463 
Ginson anti lohnson, lest for cerebrospinal 
fluid protein, 593 

Gibson f chart for neutrophil total leuko- 
cyte relationship 271,372 
Giemsa^ stain for blood 255 
for Treponema palWum, 642 
Gilchrist's disease caused by Blastomyces 
demalJudts, 631, 6il 



Gtoni^o anj CuUod, defective comitle*! 
wcni. 751 

CiUltRUQ and Kraocr. I&dornelnc meUtod 
hr unim tot]ium, 419 
Gtanden tuciilos, KOd 
Glandular fcNcr, ^21 

kctrrophile antibody reaction m, 7J5 
CUsAAsre. clranini; ol, <62 
itrnliJatiO'i ol, 761 
CloImUf fpufum. 62 
Globuld, ut. m unne, US 
m)cUn. In sputum, 41 
Cloliubn in crrrluospinal fluid, S96 
arrnionium aul/ate teat, 

Xopiciii a butsne aad teat. 596 
ranJv’a Uat, 597 
in unre, SA 

Clobubn aJbucuQ ratio of blood, 277 
Cloire/uli, r61e la diodrait dearaace tesla, 
1 76 

(rutin clearance tnu, 176 
Clouina moruUna, 515 
paliubt, 515 

CturoM ifl blood, 25? See olao IHmiJ jmcot 
ui unne, 96 S<e also G/ieeruria 
volutwn for tntra\enout uae, 641 
lor a anene \ eins, M 
G1>'ccrol B;;ar, pnparauoa ol, 766 
C]>roMru, 96 
alimenury, 97 

llcnnliet’a ouanutau^e oetiiod, lOt 
tnt (or, 97 
drtretion ol, 97 
wvuwfljl, 96 

Febbnit’atiuaaUUtiterscUioJ, 102 
test for, Vi 

ferrnenlatian quanttUUae meUtod, 102 
test for, lUO 
Jlainrs* test hr. 99 
In 'lubetea mdlJtus 187 
Kowarsky's phco>Ui)drac(nc tat, 99 
pervarnt, 97 

quantitatue olloution, 101 
renal blood sugar in, 589 
urme in, 1S5 

testa for, Kheme for rocardiograulu, 100 
mnuiory, 96 
GI>-cutcm», 96 

GmeUn's test for bile plgmcnl us blood, 4Z5 


In u 


tit 


Goiter, eiophtbal/nic, l^phoc>'t{ms in. 268 1 


Gonococcus, 797 
in e>e, 619 
in pus, 559 590 
la unne, 589 
detection, 157 

Gonorrhea, complement flxatjoo test lor, 
756 

Gonoirhcat conjunctivitis, 619 
ophthalmia, 619 
tiucods us unne, 147, 157, 559 
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Goodpasture's peroxidase tat for m>elo* 
blasts 282 
alajis, 285 

Gome’s test for boncACid la milk, 653 
Gouty tophi. 626 

miuns biucate crystals us, 626, 65i5 
Gram’s lodme solution, SJ2 
aUinin^ method, 7S0 
Gntfluhr cuts in unne, 145, 144 

dcKcnerauon, basophilic, 2a9 
Granules compound, in unne, 119 
lycopodium, m unne, 161 
use of m micrometry, 21 
5furli‘s, in ipuluRi. 52 
rtfractile, Isaac's 261, 2i4 
SchUiTner's 254 
starch. In (efts 1^1 
in unne, 161 , 160 
sulfur, in sputum, 42 
GnnulocytoiKtua, 522 
Granuloma, coca lioiJal, caused by Cocci 
dioi In Immitis 652, 655 
Crave) la unns 129 
Cramta degeneration, 259 
Cray tpucum. 55 
Green sputum, 52 
stools 471 

Cwfit. llotxand I.cahy, combined choleste 
rol of blood, in hrisaue dansose, 5S0, 451 
Greene’s reagent, 120 

Creenspoo's modilication of L6iner*( blood 
Mfum medium, 774 

Crccervri test for occult blood, lUvorea usd 
VVight’a moditieation 475 
Groteposs and van den Sersb’s aseUsod for 
serum bihruhin, 426 
Ground uch. 571 
Grouping blood, 535 
Cuaiae test for blood, 555 

for hemoglobin in unas 116 
Guamicrf bodies 621 
Guide cells in sputum, 58 
GuiUoinj Uuuche, and r.echtt!e*s colloidal 
lienzom test o( spinal fluid, 600 
Guinea worms 567 

Gum aeacu solution for intravenous uve, 842 
Gutuung’s test for acetone in unne, 107 
GuUcit's lest for arsenic la unne, 121 
electrolytic, 121 

Guy oad Lxoke's diluting fluid, 246 


"11” ANT) “0 ’ antigens 661 
Hoden ffaus<icr bemoglobinometer, 212 
Ifadcn'a meihod for removal of blood pro 
tcins, 362 

for volume index of blood, 230 
llascmann, fluorescent dye method, 47 
ILtines’ solution. 93 
test for glycosuns 98 
ffair funjp m sputum. 56 
IlaiTx In urine simulating casts 143 , 160 
vegetable, la feces 4S0 
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i3a)()anc’s scale m hemogloliin eslusalion, 
206 

^ail, oxyunasis, 563 

Ham and Horack, test for tendency la 
erjihrocyte hcmolyas, 7S4 
HaMrecht and Sauer’s potato blood agax. 
for B pertussis, 769 

lamirerscbtas’s method for pepsin, 458 i 
-langantau Dticher test, 75S ' 

fappold, Priestley, Wlieatley, McLeod, and 
(^ates method for culture of eonococa, 
797 

farns' hematoxylin stain for bacteria, 831 
lams and Ray’s method for cevtunuc aad 
in unne, 439 

fart’s test for beta-oxybutyric aad m unne, 
110 

laser’s method for total solids in unne, 

laskins and Ogood, titration method for 
carbon dioxide combining poner of 
blood pUsma, 400 

method of estimating bemoglobin, 113 
lauch antigen, 661 

fsusser s counting chamber, 219, IZQ 
la/t test for bile aads in unne, 111 
layem’sfluid 221 
lead louse, 582, SZZ 
of lapenonn, recovery of, 547 
failure cells in sputum, 40 
leat and nitnc acid test for albutma in 
unne, 92 

fixation of blood films, 251 
test of Purdy (or albumin in urine, 92 
leckoi-in’s egg albumin test meal, 447 
legner's concentratioa jnelbod (or end 
amebae, 509 

Icidcnham’s iron hcmatoxyliu sUuo (or 
HagcIIatcs and endsmebae, 490 
leHcr’s test for albumin in urine, 92 
Icll ge colorimeter. 350, 350 
femacytometcr, 21S 
Btlrker’s,2I8,^;^' 
draning, 227 
counimp, 223 
diluting fluids, 221 
Cllmg pjpet, 222 
nausser's, 219, 22(7 
improxcd Kcubauer ruling, 219, ZI9 
method of counting vacanes, 814 
sources of error, 224 
Spencer “bright line,” 219, ZZO 
lematemesis 451 
lematin, acid, 358 
alkali, 358 
reduced, 358 

spectroscopic test for, 358 
lematobhsls, 2£6 
lemitocnt, 2’0 
Daland’s, 230 
W inlrobe s, 230, Z30 
lematoidin cryst^ in feces, 484 
inurmc. 111 


Hematopotesis, 287 
defective, anemias due to, 300 
nco-uiularun theory (Doivney), 2S3, 2S9 
polypfayletic theorv, 287, ZSS 
Ifenuitoporphprin, alkali, 358 
spectroscopic test for, 353 
Hcoiatoxyba and eosm stain for blood, 252 
and iron stain for flagellates and end* 
ainetMe,490 
stain for bacteria, 831 
Hematuno, 153 , 153 
I Cgyptian, 154, 153 543 
' hemoglohanuna and, differentiation, 114 
idiopathic, 153 
renal, 153 
vested, 1S4 

Ilemin lest for blood, 354 , 354 
Hemochromogen, spectroscopic test for, 358 
Hemoclaslic ensis, 235 
Hemoconcentrauan, 316 
Ifemoconia, 191 

lleniogenic hemolytic balance, 293 
liemogtobin, 190. 205 
absorption spectra of, Z56, 359 
amount, normal, 206 
carbon roonoude, 205 

Hoppe Seyler’s test for, 206 
Katayama’s test for, 206 
spectroscopic test for 339 
concentration, mean corpuscular, 234 
normal xalues, 206 
decrease <d, 203 
in anemia. 297, 302 
estunalion of, 209 
aad hemaim methods, 209 
carboiyhcmoglobm meibod (Palmer), 
214 

Dare hcrooglobmometer, 209 
direct matefimg methods, 209 
Hoden Hausser hcmoglobuiomctcr, 211 
Haldane's scale, 206 
iron content dcternunatioits, 21S 
Newcomers standard disk, 212 
Ogood llaskin’s method 2I3 
Palmet’a catboxyhemoglobin method, 

pbolelometcr reading, of Karr and 

aMk,2l6 

photo electric methods, 215 
Sahti hemoglobmoffleter, 209 
Sabli HeUige hemometer, 210 
Sheard Sanford pbotelometer, 215 
specUophotometne mrihod, 215, 357 
Tatlqvxst hemoglobin scale, 209 
Van Slyke’s oxjgen-capaaty method, 
214 

ineiythrocytcs, study in stained films, 257 

u unne, 114 Hetnoslol/inurta 

increase of, 20S 

mean corpuscular, 235 

method of recording, 207 

reduc^ 2(19, 357 

scale, Tallqiist’s, 209 
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Hemoglobin, spectroscopic test lot, 2IS, 357 
Hcmahlobinemu, 206 
Hetnoglobinotneler, Dare's, 209 
llailcn HausMT, 211, 2J2 
Sahli s, 209. 2W 
Sihli HcliiRC, 2lQ,2tt 
Uemoglobmuna, 114, 206 
benzidine test for, 115 
detection of, 115 
guaioc test for, 115 
hemaluna and, diQereatiabon, 114 
paroxysmaf, Iti 
autohemolysis in, 151 
noctum'il, Mill] hemolytic anemia, 315 
spectroscopic method for, 116 
Hemogram, Schilling, 274 
Hemolysin, antishecp, in complement fixa 
tion test, 73? 
defective, 751 

tilnUon of, in comptecaeat fixation test. 
740 

Hemolysis, 667 

application of principles of, 663 
initial, 338 
iRiunes due to, 300 
Uetnolylic anemia, 300, 310, 315 
jaundice 310 

Hemometer See lUntoiltAui^itla 
Heciophiha, 324 
plalricls in, 244 
prothrombin time in, 325 
Hemophtlua ducrcvi, W 
infiuenrae, 54, iS, £03 See also SacMut, 
infiutniot 

pertussis, 740 See also Battllus ptrtuisu 
ui nhooping cough, 55 
vaccines from, 8I8 
Hemoptysis, 451 

Hemorrhage, acute, anemia due to, 302, 
303 

chronic, anemia due to, 311 
from bladder, 154 

Schiscosoma haematobium os cause, 154 
from kidney, 153 
occult, 475 
detection, 475 

Hemorrhagic diatheses, Rumpel Lcede phe> 
nomenon m, 324 
diseases, blood in, 323 
of blood, Quick's classification, 325 
platelet counts in, 244 
Hemosidenn m unne II6 
Rous’ te«t for, 116 

Hencb and Aldn^s method for zaercuiy 
combining power of saliva, 616 
Henderson Tinkerton and Moore, Histo 
plasma capsuUtum, as cause oi entenb^ 
633,634 

Henna, yeasts, 631 

Uepann, released Into blood, hemonhagic 
diseases resullin^ 326 
Heredity, bbod grou{» and, 341 
Henmann and Todd, yeast memogitis, 631 


Herrold’s modificatioaof Cappaldi’s culture 
medium, 767 

Hertz and Beck method, in diagnosis of 
sidkle cell anemia, 313 
Henhdmer’s Sudan III stain, 833 
Hess' viscosimeter, 3i9 
Heterodera radiDcola, S65 
lletcrophile antibody reaction, 755 

Davidsohn's method for detection of, 
7d3 

Hezamethylenamine in unne, 122 
/onssen's (esc for, 122 
Hinton test for sypbibs (third modification), 
7W 

fiask for, 704 
performing 706 
rapid method, 709 
stock solutions, 704 

Hinton Davies microflocculation test lot 
syphilis, 709 

Hippunc and test of liver function, 430 
Hiss' method for poeumococcus capsules, 
583 

seram water medium, preparation of, 

Histamine injections to stimulate gastric 
secretion, 446 

Uistoplasma capsublum, as cause of eoteji 
us, 633, 63-/ 

Histoplasmosis, confused with kala azar, 
518 

speafic skin test for, 635 
' Hitchcock and Benedict’s unc aad solution, 

, 370 

UoOman, pbotelometnc clinical chemistry, 
3s2, 36 j 

determination of blood sugar, 396 
nitrogen, 365 

Hogue s ovomucoid medium, 489 
Iloffroan, Smith, ZiUren and Oneo, vitamin 
K in blood, 202 

Uobnger, Van Perms and Benson, speafic 
skin test for histoplasmosis, 635 
Holt s milk testing apparatus, 636, 636 
Homogentisic acid m urme, 113 
Uookuorm disease, 568 

concentration method for ova, 571 
diagnosis, 571 

cultivation of larvae for, 573 
Stoll s method of counting eggs m feces, 
572 

Ifopkm’s centrifuge tube, 2/S 
method (or counting vacanes, 714 
Hoppe Seyler’s test for carbon monoxide 
hemoglohm, 206 

Iforacb and Ham, test for tendency to 
etyl^ocyte hemolysis, 754 
Honsmoscope for contact test for albumin 
tn unrie, 91, P/ 

Hormone agar (Huntoon), preparation of, 
770 

test for pregnancy, 647 
Hormones in urine, 63 
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Hone teruffi, hypeneositiveness to, test tor, 
K22 

Hoiz, Greene, ud Leahy, combined eholcste' 
rol of L!(;od, in hepatic damage, Wt0>4t| | 
Honell > method for coagulaiion time, 199 
lor prolhrORibin lime, 200 
theory of Uood coagulation, 19S 
IlOMell Jolly bodies, 260, idf 
significance, 263 
Hunloon's hormone sgor, 770 
slam for spores, 7S1 
Hum, Berksoo and Magath, erythrocyte 
count, 226 

Huy^cnuin oculars, 10 
Hyaline costs in unne, 141 

concal values and significance, 15S 
under oucro<cope. S. 5 
Uy daud disease bee unineeKcur dmase 
Hydrobilirubm in icces, 476 
detection of, 477 
t)uamitauve estitoaUon, 477 
Hydrochloric acid, 444 
combined, 444, 456 
1 bpJcr a method for, 457 
free. 444, 451,456 
Boa*' lest, 452 

<ljmethyl>aniino-a{obcnzol test, 452 
loctiue, decrease, or absence o(, sig 
nificance, 456 
TOpfers method for, 457 
normal, 835 

Hydrogen ion conccntraljen, 643 
ruitoaine paper as indicator, 68 
of blood in acdosia 651 
of culture media, 7/7 
of gasinc contents, 4SS 
of unne. 68 

Hydrolyu-d scrum agar, preparation of, 774 
Hydrophobia, 621 

Ilyuion. Wiener, Oremland and Samvock,' 
iranuusion reactions, 336 
Hymenolrpsjs dinunutx 555 
nana, 55 1, SSJ, 554 
Ilyperchlorhydfia, 4S6 
HyptichTomemia, 208 
Ilypcrchromic anemia, 501 
Hyperglycemia, 387 
alinientaty, normal, 387 
Hyperpituitonsm, blood sugar in, 390 
Hyiierplane eyepieces, lO 
Hypersuscepiibility, tests for. 821 
Hyperihyroidism, blood sugar m, 390 
ffyphae of mofds lO sputum, 42 
m unne, 160 
simulating casts, 143 ' 
Hypochlothydna, 456 
Ilypochtonna, 257 
Hypochromic anemia, 301 
HypoleuLocytic ancino. 323 
llypupiiuitansm, blooo sugar m, 390 
Hypoibyroidujn, blood sugar m, 390 
Hypotonic salt solution, lesistaace of ciydi 
rocytes to, 327 


^rum, familial congenital, 310 
uidex detertnmailon, 424 
nicgitimacy, determination by blood group* 
ing, 342 

niimunation for imcroscope, 2 
mnount, 4 
anjficul, 2 
central, 4 
datk field, 5-7 
form* of, 4 
oblique, 4 

fllunucutor, dark field, 6 
llluslralions, rnagmfications used for, 28 
Image, microscopic, formation of, 11 
Imnusobte balance, Cston's, 71,72 
Immune tiodies, 6*4 
of first order, 654 
of second order, 6S& 

reactions based upon, 656 
of third ordir, 656 

reactions based upon, 666 
Immunity, 1 hrheb's side-wam theory, 667 
Incutenid oarasiles, 5 17 
Inclusion bWnonbca, 619 
bodies, 620, 62! 
basophilic, 621 
D0bfc8, 276,277 
connopntUc, 621 
trachoma, 620 

Incubation of bacterial cultures, 783 
Incubator. 758 
Index, Ameth’s. 273 
. color, of blood, 223 
icterus. 424 
Mcl eviV 172, 173 

Schneider's, (or urobilm m duodenal con* 
tents, 467 
Van SlyVe's, l74 
volume, of blood, 229 
W ilson's, for neutrophils, 272 
India ink method for Treponema pallidum, 
643 

lodiran in unn^ 76 
detection of, 77 
Obermayer's method, 77 
Indiconuno, 76 

pathological conditions causing, 76-77 
Indicator. Andrade's 772 
Infantile kola aaar, 518 
InlecuOR, mired, 52 
Infectious diseases, anemu in, 302 
kukocytosis in, 258 
neutrophil total leukocyte relationship 
in. 271 

jaundice, organism of, 513 
moRonucleous, 321 
heterophilc antibody reaction in. 755 
InSommauons, leukocytosis from, 233 
neatrophj-toul leukocyte r^llonshlp 
In, 271 

pseudomembranous, acute, 611 
In^enaa, bacillus oi, 803 

Hemophilus infiueaue, 54 , 55 
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(nilueou, banilus of, m cerebrospinal Stud. 

606, 605 

in sputum, 54-55 , 55 
Infusion, beef 765 

agar, pTeparaticin of, 764 
bouillon preparation of, 763 
lifusona, 498, 556 

Inoculating media for bacterial cultures, 383 
Inoculation animal, 607, 7M 
for B tuberculosis, SI, 607 
Insect, lace, 578 . 579 
lar\ae m feces, 474 
Insecta, 582 
Intesiina) amebae, 499 

difTerentiation of, 506, 507 
concretions, 472 
flagellates, 509, 523 
motility, test for, 494 
sand. 472 

worms in feces, 473, 491 
latestine, saialL diseases of, udicanuna fo. 
76 

Intoxication, acid, 105 
Incmcutaneous tuberculin test of Maatouz, 
819 

IstiavenousiAjKtion, unp«rtafit points, ii7 
physiology of, 837 
solutions, 116-844 

Inubn fermentation in differentiating poeu 
moooccus and streptococcus, 791 
lodamoeba niiliamsi 505 
lodate, in biologic fluids, pbotO'cleetnc de* 
termination, 187 
Iodine c) sis, 505 
u unne, 132 

Kendall’s quantitative metbod, 423 
solution, Grara'Si 832 
LugoVs, 832 
stains for bactena, 832 
for intestinal protozoa, 488 
lodophilia 273 

Iron and hematoxylin stain for flagdlates 
and endamebae, 490 
in blood, 414 

Osterberg’s method for, 414 
Iron content determinatioas of hemoglobin, 
215 

Iron-deficiency anemias, 299 
Imtaiion leukocytes, Titrk’s, 284 
sputum from, 60 
Isaac's refraclile granule, 264 
Isaacson and Janney's sugar tolerance test, 
388 

Isohcmagglutination groups, 335 
Isospora homims, 524, 524 
Itch, ground, 571 
mile, 578 


jAKrwAv's method of blood culture la 
patients recci\tng sulfonamides, 787 
Janney and Isaacson’s sugar tolerance test, 
388 


1 Jansky's btood grouping, 336, 337 
Jaundice, ]I0 
tflon’s theory, 421, 422 
bemolylic, 310 
inteciious, organism of, 513 
JenneHs stain for blood, 256 
Johns and Bass’ concentralioa method for 
plasmodia, 514 

Johnston and Gibson, test for cerebrospinal 
fluid protein, 593 

Jonssen’s test for ionnaldehyde in unne, 4 22 


Kaga*!, falling drop metbod, 379 
Kahn test for syphilis, 689 
imcrotesl& 702 

presumpuie, with serum, 699 
With spinal fluid, 700 
quantitative, mth semm, 701 
with spinal fluid, 702 
standard, nudiog results, 694 
with serum, 692 
With spinal fluid, 608 

Eala aar, confusion of histoplasmosis with, 
518 

I infantilt:, 518 
I Napier's serum test for, 513 
organism of, 517 

Karr and Dark, phoielometu bmoglobia 
reading. 246 
Karyorfbexis, 264 

Katayama’s test for carbon ZDOnoxideheao 
giobin, 206 

Kaum Levine Vogel and Burnham, Rh 
factor and erythroblastosis feiahs, 344 
Keidel's vacuum tube for eoUecung blood 
from \em, 194 

Keith, Rowntree, and Geraghly method for 
blood and plasma I’olume, 312-334 
Ketling's test for lactic acid, Sunon's modi- 
flcatlon, 453 

Kendall's quantitative method lor iodine in 
unne, t23 

Kennedy's method for iron in blood, modi- 
fication of. 444 
Retogemc diet. 405 
Ketosis, 103, 60O 

KidtiQi. amyloid disease, unne m, ISO, 184 
cakuius of. hematuna in, 153 
unne in t85 

cuculaiory changes m, albuminuria due 
to, 89 

conmiion of, acute, urme in. 476 
chronic passive, unne in, 176 
functional tests. 162 

Ambard’s coefficient, 172 
comparative value 161 
concentration and dilution, of Vol- 
bard and Kahr, 170 
Ftshherg*s cnodificaPon, 170 
diodrast clearance, 176 
in nephritis. 179 
in ulin clearance, 175 
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Kidaey, functional tests, McLean's inde^! 
172, J73 

niliogen Tcleniion, 163, 164, 171 
in neplmlis, IS2 

phenolsultonephihalcjn, 163-16& 
use and limiutiona in neplinti^l 
17», ISO I 

test meal Mosentbals, 162, 164,1 
lOS-171 ' 

in ncpbntis, 181 
urea clearance 162, 164, 174 
cxcreljon, 162, 164. 172-174 
Van Slykr’s index, 174 
water test, 171 

insuHicicnc}, lunchonal tests in, com 
Ipantivt saluts (rom, 163 
imialjon of, albuminuria from, 8S 
malignant tumots, unne in, 185 
orgarue chances in, albummuna from, I 
S9 ' 

pell IS, blood in unnefroRu 153 
tuberculosis of, unne in, 1 m 
tubules blood in unne irom, 153 
King and Annsirong, alkaline phosphatase 
method for Mrum and bje phosphonis, 
412 

KmetLuTy, Clatk, Williams, and Post mtth 
od ior albumin in unne, 95 

for total pnteia la spioal Quid, 
597 

Kingslet, method to separate serum albosua 
and globulin, 377 

KinmoiU and Wngbt's diluting duid. 245 
Rjcldahl method for fibrinogen in plasma, 
378 

for total senus praiem detemunabon, 
377 

Klcbs-UK&CT bacillus, 801 
Klebsiella pneumoniae, 54, 5S 
RIcit bio-coloTimeter, 350, 

Kltnu, and Rosegger necule, for Imoc mar 
row study, 291, 292 , 

Rime, purification of antigca, 674 
test lor syphilis, 670 
steps in, 671 

Knud&on and Uloor’s method for cholesterol 
tstns in Uood, 381 ' 

Kober colonmeter, 34$ 

Rocli Weeks baollut in conjunctivitis, 617 
Kocnigsbcigcr Aulenneth colonmeter, 350 
Refold s modification of Donaldson • meth 
od for protozoa] cysts in feces, 483 
Rolfficc’aoomplement fixatuKX teat, 735 Seel 
also C^nfltttioU Jixalun tut for typh 

tltT 

Bonspeofic and prezoce leacuoos, 755 
Romma baallus, $06 

Romp and Caiber’a Uuck film method foi' 
plaamodjs, 534 

Rowarsky'a phenjlhydrazine test for 
cosuria, 99, 99 
plate for f»mg blood, 251 
Rocke’s blood culture m^um, 764 


Kramer and Gilticman, lodomelnc method 
for serum sodium, 419 
Kiamei and Tisdall's methods for sodiusi 
and potassium in blood, 420 
quuiUlaUve scnica potassium deter 
mination, 420 

Ku|e] and Rosenthal, hypoleukocytic an 
^<u. 323 

Lasoratort equipment, 826 
findings in important diseases, &49-So7 
taelhod& $25 
Lactic aad, 452 

Kelline’s test (Simon’s modification), 
453 

Strauss’ test, 453 
Uffelmann's test, 453 
Lactose in milk, 637 
munne, 104 
Rubner's test for, 101 
hlmusagar, preparation of, 771 
Lagerluf and Agrca duodenal tube, 465 
method for pancreatic amylase, 434 
trypsin, 433 

Lamblia mtestinalis. 521 
Ump. Clark’s, 597 
Lamps, imcroscope, 2-4, 2 , 3 
Lancet, blood Dalacid e, 193 
Landsberg and Wlntrobe’s method forsedj 
mentation rate of trythrocyles, 330 
Landsieiaer and Levine, blood a^luhnable 
factors, 342 

Landsteiner and Wiener Rh factor, 343 
Landsteiner blood grouping 337 
Landsteiner Donatb test, hlacRcnsie meth 
od.754 

Langes colloidal gold test ot cerebrospinal 
duid, 595 
reagent, 598 

DorowslajS modification. 599 
test for acetone in unne, 10$ 

Laroche, Lechclle, and Cuilloin's colloidal 
benzoin test of spinal Quid, 600 
liaison, serologic test for l.eptospira ictero- 
haemorrhamae, and Weds dluase, 513, 
610 


boohworm, cultivation of, 573 
insect, ID feces, 474 
of flies, 584 
chaidxtiXQccn, 573 
Latrodectes mactans, 585, 5S6 
Layer formation in sputum, 33 
Lead acetate agar, preporaUon of, 772 
IB unne, 123 
Fairhidi s method, 123 
potsonmg, anemia oi, 303 
Leahy, Greene and lIoU combined chotes- 
Urai of blood, in hepatic damage, 3^. 

Le^e and Guy's diluting fluid, 246 
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X-echelle, Guilidui, snd f^roctte colloidal 
benzoin test of spinal Quid, COO 
X.ccithiii iQ blood and plasma, Youngbois 
and Youngbui^s melnod lor, 3M ' 

Lederet's anemia, 315 ' 

Lee and \ogel’s method for meicuiy in 
unne, 124 

Lee and IVhite's method for coagulation 
time, 199 

Leedc'Rumpel phenomenoa, la hemonhape 
diatheses, 324 

Lefimann Beam method for fat in mill, 637 
Loshman Oonoian bodies, 517, 5if 
Leishmama, 517 
amencana alS 
braailicnsis, 518 
donovam, 517 
udantiun, 518 
tropica, 518 
Len<^ cleaning of, 19 
Leprosy bacilh, 615 
Leptospira, 513 
icte/^emorrhaaae, 513 
aerolocje test for, 513, 610 
Leptotncbia buccahs, 611, 6I2 , 832 
to gaatnc contents, 461 
in mouth, 611 
ui sputum, 37, 56 

Leuone cr>-«tais in unne, 132, 133, liS 
LeuLeoua, 235, 240, 317 
aleukenue, 319 
blood in, Z2 
eosinophilic, 320 
lymphatic, acute, 320 
chrome, 319 
lymphoblasts 10, 283 
lymphocytosis in, 268 
monocytic, 321 
myelogenous, acute^ 319. 
txisophihc leukocytes m, 280 
chronic, 317 
eosinophiha <n, 278 
myeloblasts in, 282 
mycJoc} tes in, 2S2 
splenomy elogenous, 317 .. 

Leukoblast, 290 
Leukocytes, 19 1 

abnormal % aneties in stained 6Im, 280 
absolute mcrease, 265 
atypic forms, 285 
basket ceUs, 283. ZS5 
basophilic, 267, 279, 2S0, 296 
counting of, 239 
diluting fluids, 243 

Todd 5 modification of “orde” method, 
242 

drorease in, 235 
degenerated forms 284 
diHerential count, 265 
endolbebol, 269 
in sputum, 58 
esdothebocytes, 269 
eaumeration oi, 192, 23o 


Leukocytes, cosmopfuiic, 57, 267, 278, 296, 
483, o92 See also Eosutoplius 
formation, 290 
tn bone marrow, 792 
in sputum, 57 
ui urine, 150, 155 
increase of, 2 j 6 
large monooudear, 269 
lymphoblasts, 283 
lymphocytes, 267, 297 
niptum, 2S-t 
ntacropolycytes, 285 
mast cells, 279 
monocytes, 269, 297 
myeloblasts, 282, 2S2, 287 
myelocytes, 2SQ, 2Sl 
Osgood s nomenclature, 291 
normal saneties, 267 
pUsma cells, 284 

polymorphonuclear, m effusions, sigmfi 
cance, 591 

in pneurooma, 277, 275 
ncutropluhc, 57, 2/0, ZJl, 277, 296 See 
also licui/epbih. 
polynudcsr, 270 
relative increase, 265 
ruptured, 2S0 
bare nudec from, 284 
stained, study of, 26o 
staining, m paeumooia, 256 
Iransitiooai, 269 
Turk's irriuiion, 2S3 
vacuobled, 278 
vital staining of, 29S 

appearance of leukocytes, 296 
Sabin’s method, 29a 
technic, 295 
Leukocytosis, 236 
digestive, 237 
from drugs, 240 
from injections, 233 
from tnllammabons, 238 
IS malignant disease, 239 
la penasas, 240 
lymphocytic, 240 

neutrophilic, polymorphonudear, 237 
270 , 272 
pathologic, 238 
physiologic, 237 
posthemorrh^c, 239 
postoperative, 239 
tou(^ 239 

Leukopenia, 235, 322 
digeaUve, 235 
Leukopenic anenua, 319 
Levine and LandstcineT, blood agglutinable 
factors, 342 

Levine, \ogd, Katzin and Burnham, Rh 
factor and eiy ihroblastosis fetalis, 344 
Lesmsoa's test for tuberculous meiuijjnUs 
603 

Levulose ui unne, 103 
I BotchaidL’s lest for. 103 
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Lewlose lo unne, detection of, lOJ 
qtuLnUlame estimation, 104 
Lewis and ilills' conscnaUve for blood, 
3bl 

Lenis-rcebles colonmetcr, Jol, J50 
Lice.5S2,Ji’^ 

Light Cltcr for photomicrography, 23 
for tnicroseope, 2-4, 2J 
amount required, 4 
path through nucrascope, IZ 
Limnueus tnmeuktus MQlL 540 
I.mitp mano \ test (oc doccuc &ad la unne, 
IW 

Litres, Fraunhofer’s 355 
Lmguaiuia serrata, 550, SSI 
Lipase in blood scrum, 435 
determination, 436 
lipids in blood, csutratioas of, 179 

touJ, la blood plasma, determioatioa, 
382 

method, 333 

Lipoid phosphorus in Uood, detenmnation 
of, 334 

Liquor lodi composilua, 832 ' 

Litchfield and Marshall, sulfanilamide de*. 
tenxunation, 442 

Litmus agar, lactose, preparation of, ?71 
milk, preparation 01 775 
Liver Cirrhosis of, anemia In, 310 
damage, combined cholesterol oi blood in, ' 
3b0 41] 

prothrambmopenia and, 326, 431 
di«e3M size of erythrocytes u, 43t 
dukes, 540, S42 
functional tests, 427 

l^ilprai's rose bengal tneibod, 429 
galacto<< lolerasce, 430 
Quick s liippune acid method, 430 
Itoaenthal'a bromsulfalein method, 
423 

3\ idal s, 235 

infusion agar culture medium, 765 
rot, MO 

Ixicke's solution, 335 
Locljau See Teunus 

LCfllet's alkabne methylene blue stain, 832 
blood serum, preparalion of, 773 
method for raceUa, 282 
for tubercle bacillus in sputum, 49 
Logan and V iske, alhalunetnc deleraunabon 
of calcium, 416 

Longitud nal sinus, superior, obtaimog 
blood from, 195 
Lordotic albuimnuna S9 
Louse, body, 5S2, S8Z 
head 532 
pubic, 582 

Lugol a solution, 832 

Lukecs and Boerner modification of col* 
loidal gold lest S99 
titration of antigen for complement* 
fixation lest, 743 
Lumbar puncture, 594 


Lung fluke, 542 
^flgrene of, sputum in, 61 
stones 10 sputum, 33 
Lycopodium granules m unne, 161 
use of, in micrometry, 21 
Lymphatic ieuketnta, acute, 320 
chronic, 119 
lymphobUatstn, 283 
lymphocytosis in 263 
LymphoUasts, 283, 287 
Lympliocytes, 267 
fonnaiion, 290 
immature, 267 
in cercbrospinat fiuid, 607 
in effusions, sigruficance, 593 
la sputum, 57 
incKase tn 263 
mature, 267 
Tvpiureil, 2S4 
viiai staining of, 297 
Lymphocytic leukocytosis, 240 
Lymphocytosis 240 268 26S 
Lymphogranuloma ingumvle, 823 
Donovan bodies in, 823 
Frei test, 823 
Lyoa's capsule, 6SS 
easnunaiioi) of fresh bile, 463 
L>t>pb)1 complemeat in complement fisabon 
lest, 737 


iMaccimvore'e 342 
' Macallum and Folm i microchermcal meth 
I od for ammonia id unne, £6 
' MacKciuie's method for Donath Land 
I Steiner test, 754 
hfocrocytes, 258 

Macrocytosis, lo bver disease, 431 
Macrocytic anemia, ?0l, 305 
Macrogamelocytcs, 527, 534 
Macrophages, Lndamoeba histolytica and, 
diiferaitiaiion, 499 
in feces, 483 
Mocropoljcytes, 283 
Macroscopic agglutination test, 657, 6a9 
examinaiion of cerebrospinal fluid, 593 
of feces, 470 
of ^utum, 31 

Megath, Berkson and Hum, erythrocyte 
count, 226 

Magath and Bipwn’s method for recovery 
of tapeworm head, 547 
hlarath and Sanford s centrifuge lube for 
Mo^ volume Index determinations, 231, 

hlaggots, 334 

Magnesium sulfate soIuUoa for intravenous 
u<e 84] 

Magnification by nucrucopt^ 14 
empty, J6 
measurement of, 15 
methods of increasing, 15-16 
used for illustrations, 28 
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M&Utu, irrcKuUr, 527 
monocytOMs m, 270 
po/a^JlfS, 525 
odiFOnutjc zone, 3J.} 
asexual C) de, 525 

Barber Kimp thick film method, 5M 
Bass and Johns' conccntratioo m r thn d 
S5i,S35 

detection, 530 j 

in (resh un<^taincd blood, 531 
m stained films, 532 
estixo autumnal, 525, 526, 532 
exUaceUubr theory 526 
gametocy^es, 527 
detection of, 534 
hfe histones, 525 
older, detection of, 533 
quartan, 525, 526 532, 533 
rile of mosquito, 526, 527 
segmentation of, 526 
sesmentert, 534 
sexual eyxle, 525 
tertian, 535, 526, 532, 533 
young, detectiOQ of, 533 
stippling, 259 

5fala.«seua furfur, cause of unca \ersicolor 
627,627 

Malfaita Roachese fo rmalin method for 
amooiua in unne, 54 

Bfoti-o I modification. 85 
Mah^nt disease, anemia in, 302, 310 
(mkocytosis in, 239 
edema, baallus of, 805 
neutropenia. 123 
tumors of kidney, unne la, 185 
Malleomyccs mallei, S06 
hlaltose in unne, 104 

hlandelbaum's cytodiagnosuc method for 
effusions, 593 

Manometer, Ayer’s, 594 595 
hlanometnc meth^, fof carbon dionde 
combining povier of blood plasma, 400, 
401 

Mantoux intiacutonesua tuberculin test. 
819 

hlarcfaiafava hficbeh syndrome, 315 
test of. 754 

hlarkers, object, for microscope, 17-18 
Mamott’s method for carbon dioxide ten 
SiOn of alveolar air, 652 
Marshall and Bratton, oiupling agent in 
sulfonamide determination 441 
31arshaU and Litchfield, sulfoiulaQude de 
termination, 442 

hlarshali's method for sulfonamides us 
blood and urine, 441 
urease method for urea in unne, 80 

Van Slyke and CuUen modifica 
Uon for bJood urea, 367 
Marshall, sulfamlamide determinatioa, 442 
5fast ceffs, 279 

blaslic test of cerebTospiual fluid, 600, SOi 
Masligophoia, 493, 509 


1 hfatching methods for hemoglobin esUma 


vt oax/a, j V 

sources of error, 339 
technic, 33S 

hfaue and Bernhard’s modification of Meu 
mrlhod Jdt bde pfssivii w 

blood, 424 

hfuaiu's floccuJatioa test, for sypJuhs, 679 
685 

antigen titration, 683 
qualitative, with serum, 685 
with spina] tiuid. 6SS 
quantitatiie mth serum, 687 
with spinal fluid, 689 
reagents, 680 

hIcCluie \N etmore, and Reynolds method 
lor amylise in duodenal contents, 432 
for trypsin m duodenal contents, 

ifcjunkin's modification of Wnght's blood 
stain, 2$4 

McLean and Sellu^s mcdificatjon of VpJ 
bard's method of estimaung chlorides a 
unne, 75 

McLean’s Index, 172. 173 
Mcl eod, Coates, Happold, Fnestley, and 
Wheatley method lor cullure of gonococci, 
797 

hieVee's standard for serum bihrubm, 425 
Meals, test. 445 See also Test mtalt 
Mearfes, diaao reaction >n, 120 
Measurement of ma^ificaiion, 15 
of microscopic ob/ccls, t9-20 
hleasures. conversion mole, 846 
with equivalents, table of ^5, 846 
hfeat masb, preparatioa of, 763 
poisoning, 799 
MegakaiyobUists. 290 
Megakanocyles, 244, 286 290 
Megalobluts, 261. 2Sl, 262, 290 
in anemia, 30.1 
in pernicious anemia, 307 
significance, 263 
Meealocytes, 2o8 
Moiuun U) unne, 118 
tests for, 119 
Melena oeonatorum, 325 
Mdency, histoplasmosis, 633 
Membrane, brood, 550 
viteUtne, 549 

Membranous ententis, 472 
McmngiUs, caused by tonila, 606, 631 
cerebrospinal epidemic, antuneamgococ 
015 serum test for, 602 
leukocytosis in, 233 

tuberculous, Aiello’s tryptophan test, 602 
1 evlnson s tc*.! for, 603 
Meningococcus, 797 
IB cerebrospinal fluid, 604, 604, 60S 
43be^ enneftmenf metfiocf MS 
Mercurochrome for intrasenous use, 844 
Mercury in urme, 124 
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^Icrouy la uiue, metiioU of Vogd and Lee, 
124 

Jllercury-combistni; power of sain a, metliod 
of Hench and Mdnch, 616 
J^ferozoitK. 526 

MewlLelial «Ui iQ tffu^as, agtiincanee 
593 

Metal, stenliraiioa of, 761 
Meiamjelocyies, 290 
Methmo^lown, 205 
BpcctrosoDpic test lor, 357 
Methods, routine, for office laboratory. S2S 
Methyl cttea and pyronlne sUin lor Uood ' 
256 

\iQlel stain for hactcna, 832 
Methylene blue slam, S32 
Gabbel s, S.12 
Lbfiler’s alkaline, S32 
FappenheiRi s, S32 

Metbylene-Vilue-eosm stain for blood, 2S2 
Methjle&e'blue fuchsia st&m of tan G>esoR 
622 

Metric neishts and measures with cqmva 
lenU and conversion table, S15, &t6 
Melt’s method for pepsin, 459 
tubes, 459 

Mettier and Buell, Marchiafav a Miehdi 
lyndrame, 316 

MealensTteht’s Tfielhod foi bile pisment to 
blood, modification of 424 
Mice, white, sasccpubilily to Leptospua 
ictemhaemorrhagiae, basis o! sero)ot.ic 
test. 511, 610 

MIchcli Marehiafava syndrome, 315 
Microblasts, 2a9 
significance. 263 
Microburct, 4/7 
Micrococcus caunbalis, 797 
in sputum 36, Jd 
melilensis, S05 
urcte in unne, 155 
Microcytes, 258 
Microcytic anenua, 301 
Microfilanae, 566 
Microsameles, 527 
Microgamefocytes, 527, 534 
Micrometer disk 20 
eyepiece, 20, 2l 
stage, 20 

Micromelhods for blood sugar detemuna 
tions, 394 

MicromtUy, lycopodiura powder as aid id, 
methods of, 20, 21 

hricron, 20 
ificroecopc, 1, / 

attarhable mechanical stage for, 24, if 
binocular, 23-24, 24 
care of 18-19 

cement for marking material, 18 
choice of, 23-24 
cleaning of. 19 
condenser for, 8*9 


MiCRwcope, cover for, 19 
dark field condenser for, 6, 6 
method of using, 6, 7 
tUuirunation for, 5 
eycpieca for, 9, 25 
nuoometer, 20 
focusing of, 16 
for photomicrography, 22-23 
lUununatioa (or, 2 
amount. 4 
artificial, 2 
central, 4 
dsrk field, S-7 
forms of, 4 
oblique 4 
tamps, 2-3, 2, 3 
magnification by, 14 
empty, 16 
measurement of, 15 
methods of increasing, 1S 16 
measurement of objrc s, 19 21 
object markets Cor, 17 
objectives for, 9-11 
corrections, 10 
curvature of field. 11 
depth of focus, 14 
numenc aperture, 13 
oJ immersion, 11 
tesolvnng power, 15 
staes in common use, 24 
working distance ll 
path of light through, 13 
pomlerfor, 17 
practical exercise with, 25 
spring clips for, 18 
use of, 1 16 

Microscopic agglutination test, 657, 659 
examination of bacitna 7S3 
of cerebrospinal Quid, 604 
of cyst Ouid in diagnosis of ecbiaococcus 
diseavc, 552 

of duodena] contents, 463 
of feces 479 
of Quids, 27 
of gastnc contents, 459 
of sputum, 15 
stained, 43 
unsiamed, 35 
of unne, 126 
field, curvature of, 1 1 
image, formation of, 1 1 
objects, measurement of, 19 
3f«croscopy, capillary, 6S3 
Micnsporon audouini, as cause of nuao* 
sporosis, 627, 627, 62S 
cants cause of microsporosis, 627 

a umum, cause of microsporosis, 627 
ineum, cause of microsporosis, 627 
Microsporosis, causes of, 627 


Middlo-ear disea^ filS 
Milk. 6.15 
analysis of, 635 
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Jfilk, aoaiysis of, centnfuge tube for, 636 
bactena in, 63S 

technic for counting, 638 ' 

bone acid in, GosWe’s test, 638 \ 

cheimcal examination, 63o \ 

fat in, I-effmana beam method, 637 
formalin in, detection, 6.^8 
Holt's apparatus for testing, 636 , 636 
lactose in, 637 
Iitmm, preparation of, 775 
preservatives la, detection, 637 : 

proteins m, Qog^' modihcapon of Esbacb I 
method for, 637 
sugar in urme, lOt 

MiUei and Kichar^ duorescent dye roetb 
od, 47 

Mills and Lews’ conservative for blood. 
361 

Mineral oil In feces, 482 
suUatts in unne, 76 
Miraadium, S40 
Mites, 577. S78~SS0 
Itch, S78,J7« 

Mixed infection, 52 
Mold funs> tt) unne, 160 
iZolds, hyphae of, in unne, 160 
umulating casts, 146 
in feces, 486 
in sputum, 42 

Mbllers stain tor spores, 781 
Mpller Fabnaus test for amylase in unne, 
87 

Moench, semen examination, 645 
Sfoniha albicans, 610, 629, 630 
psiiosis, 610 
m feces, 486 
Monoblast. 287 

Monocbloroenzeoe fiuonde as blood pie 
scnaPve, 361 
Monocytes, 267, 269, 26P 
formation, 290 
vital slaimni; of, 297 
Monocytic leukenua 321 
Mononuclear leukocytes, Urge, 269 
blononucleosis, infectious, 321 

beterophile anPbody reaction in, 755 
Monojidiyletic theory of hematopoiesis, 
289 

hloon, hemoconcratraiios, 316 
hfoore, iD>xotic diseases, 627 
Moore, Henderson, and Pinkerton, Uisto- 
plasma capsulatum as cause of cnteiiUs, 
633, 634 

Mooscr bodies, staining, 625 
hlorawtz, blood coagi^iUon tbeoiy, 326 
Morax and Aaenfeld, diplococcus of, 617 
Mtimer’s reagent. 133 
test for tjrosine in unne. 133 
bfoming sputum, m) elm globules in, 41 
sonnal, 60 
tubercle baalb in, 30 
Morphine m unne, 125 
hloipbology, staining lor study of, 779 


hfosenthal’s test meal for renal function. 

162, 164, 168-170 
In nephritis, 181 

Mosquito, r6Ie of, m malana, 526 
hloss’ blood grouping, 336 
Motility, gastnc, test for, 464 
of bactena, study of, 784 
test for examination of feces, 494 
hfotor power of stomach, 463 
Lwald's salol test, 4<^ 

Moath, diseasrs of, 610 
end-imebae in, 504 
Leptotncliia buccalis m, 611 
pseudomembranous mdammations, 611 
spirochetes m, 514 
thrush fungus in, 610 
tuberculous ulcerations of, 614 
Vmcent’s angina, 614 
Much's granules in sputum, 52 
Afucin tu anne, 9J 
Mucoid in unne, 95 
sputum, 35 

Mucopurulent sputum, 33 
Mucosa, tumors caused by Rhinospondium 
seeben, 632 

I Mucosal tissue in gastnc coateats, 451 
I Mucous cobc, 472 

threads m unne, 146 , 146 
Mucus in feces, 472 
m g5»inc contents. 450 
Muller, blood dust of, 191 
Muscle fibers in feces, 481 
18 unne, 161 

Myeobactenum leprae, 802 
tuberculosis, 44 See also BcetUut luieT' 
culoiu 

I fluorescent dye method, to demon 
slraie, 47 

Mycoderma m sputum, 43 
Mycosis, broncbopulmonary, sputum in, 
43 

Myelin globules in sputum, 41 
MjeloWasts, 282, 232, 287 
peroxidase test, 282 
Myelocytes, 280, 231 
(ornietion, 290 

Myetogenous leukemia, acute, 319 
basophiLc leukocytes in, 280 
chrome, 3)7 
eosinophilia in, 279 
myeloolasts in, 232 
myelocytes in, 282 
Myta^ SSi 
cutaneous, 534 


N.A, 13 

N aggluPnogen, 342 
Kapler’s scrum test for kala aaar. 513 
Necstor amencanus, 56S-573, 569, 570, 57 J 
Ncgame staining method for casts in unne. 
141 

Kegn bodies, 622 



Negri bodies, Frothingham's impre&stOB 
mclhod (or. bit 
Seller's stun ior, 623 
NtiH and Osgood manomttnc method 
carbon dioxide combuung ponei of blood 
plasma, 400 

Nii'iser’s stain for diphtheria bacillus, 613 
Neissena catarrhali^ 56 See also 2/tcro- 
coccuf catarrluln 
gonorrhocae bee Ccnotoeeui 
mlracellulans See l/entiitoceccut 
Nemalhetnimthcs, 558 
Nemaioda. 558 

Neo-unitanan theory of hematopoiesis, 2S3| 
Nephnlis, albuminuria in, 117 
blood picture in, 183 
chronic, blood sugar m, 390 
classihcation, 177 
functional tests of kidney in, 179 
muogen retention in, 181 
pbenolsulfonephtbalein test in, 167, 179, 
lEl 

retention of inorganic sulfates in, 182 
of /lorma} »o>i^ in, 173 
test meal for renal function m. 181 
lube easts in urine in, 140. 177 
urme m. 176*194 

cbaractensue features in vanous type^ 
table shoHing, 180 
sediment of, Its 

Nesbitt and Watkins, perpbyna, 117 
Nessler'i reagent, 81 

Neubaut: ruling for counting chamber, 
241 

improved, 219, 241 
Neu/eld reaction, 796 
Neuroses, gastnc, gastric contents m, 462 
Neutropenia, mahmant, 323 
Neuliopbtlie leukocytes, polymorphonii 
clear, 57, 2T0, 277, 296. Sm also Neu- 
Irophilt 

leukocytosis, p^ymoiphonucleai, 237, 270 
pathologic, 233 
phyuoloEiC, 137 
myelocytes 280 
Neutrophils, 267, 270 
Ameib s cIoMiflcation, 273 
Cooke and Ponder's dassiflcation, 275 
Dohle’s inclusion bodies in, 276 
Gbmeiit nonhbmcnl count, 275 
Gibson’s chart for, 271, 272 
polymorphonuclear, 27/ 
in epulum, 57 
Scbilling count, 274 
vital staining of, 295 
IVibon’s index, 272 
Newcomer's standard disk, 212 
table for use with, 213 
Newton, Lleonor C., unc aad detenuna*. 
Uon, 374 

Newton's bands, 223 
Nicholas-Favre diseasCj 823 
Nlii swab, (o detect pinwonns, 563, 


KQson, Chapman, Berens and Curdo 
method to diffcrcnuate pathogenic from 
nonpatbogenic sUphylococd, 79l 
Nitmine, as pU indicator, 6S 

paper for determimog reaction of urine, 
68 

Nitnc aad and beat test for fllhumm u 
unne, 92 

Nitrogen, amino-aad, ro blood, Ilamelsoa’s 
method for. 374 
equitibnum, 7S 
nonprotein, in blood, 363 

as evidence of renal tnsufbctency, 17 1 
determination. FoUa and IVu's meth- 
od. \bi 

pbotelometnc, 365 
of unne, distnbubao of, 78 
partition, 78 

retention as evidence of renal insuffiaency, 
163, 164, 171 
10 oqihniis, 182 

Nitroeea albumia deteiouoatioa for blood, 
377 

Nils. 583 

N Ndl medium, prepajatioa of, 766 
Nocardta in sputum, 57 
Nocturnal hemoglobinuria, paroxysmal, 
with bemolyiic anemia, 315 
polyuna. 65 
io early nephntls, 182 
in impasted renal function, 169 
Noguchi's but>nc add test for globulin u 
ceiebrospiOid fiuid, $96 
Normal soluiions, 813 
values, table ol, 847 
Nomoblasu, 259, 260 , 290 
in anemia, 303 
signilkance. 263 
Normochromic anemia, 301 
Nose, diseases ot, 61 1 
Nub^la of unne, 66 
Nuclear particles, 260 
Signihcance, 263 

Nudealed erythrocytes in perniaoui aoe* 
nua, 307 

agnifkance of, 263 
Nuclei test for examination of fec^ 494 
Nucleoprotejn to unne, 95 
Numenc aperture, 13 
Nummular sputum, 33, 62 
KutnUonsI deficiency aneauas, 299 302 
Nygaaid’a plasma platelet count, 247 


“O^' ANt>‘'n” antigens, 661 
Obermayer's method for indican in unne, 77 
reagent, 78 

Obe’s ennehment method for meningococa 
in cerebrospinal tluid, 605 
Ob|ect markers for microscope^ 17 
ObjecUtes, achromatic, 9 
apockromatic, 9 
attachment of, 18 
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ObiecUva, depth of focus, 14 
for dark ficid work, 6 
low powered, adt aatagea in using first. 17 
microscope, 9 
conccuons, 10 
numenc aperture, 13 
oil immcrsior^ use of, ]1 
la dark field work, 6 
rcsoUing power, 13 
semi apocbromatic, 9 
sues m common use, 34 
working dutance, 11 
Oblique liiuminatiOQ for microscope. 4 
Occult blood in fcccs, 475 
detection, 475 
Oculars. See Lypicca 
Odor of feces, 472 
of UTuie, 67 

OtSce laboratory methods and equipment, 
S25 

routine, 825 

Ohne hauch antigens, 661 
Oil iromersion oliiccti\e«, use of, 11 
in dark field work, 6 
OlifiOcKromerma, 203 
OtigDC^enua, 217 
Oliguna, 65 

Olitskv, ophus fever and Rickettsia, 623 
OLver^s rapid method for pneumococcus 
”5 

Oncospheres, 547 
523. 327 
.ilil 

lima, gonorrheal 619, d/9 
Ophthalmo-fcaction, Calmette's, 818 
t^isthofchis felineus, S4l 
Opsonic index, 666 
Opsonins, 665 
VV right's method for, 665 
Optical lube length, iS 
Oranol test for pentoses in unne, 105 
Oremland, \Siener, ityman and Samwick, 
transfusion reactions, 336 
Organic aods in gastnc contents, 452, 458 
Onental sore, organism of, 518 
Omilhodorus, StO 

coproplulus, conaceus, hennsc, parken. 
talaje, tuncaU, ncciors of relapsing 
fever, 512 
parken, SSO 
tuncata, Sll 

Orthostatic albunununa, 88 
Osgood, blood cell nomenclature, 291 
Osgood and Haskins, titration method for 
carbon dioude combining power of blood 
plasma 400 

O^ood, Bess, photo^ectnc detenmrmuon 
of nitrogen 365 

Osgood Haskinsmcthodof estimating bemo* 
globm 213 

Oslerbenf’s method for iron in blood, 414 
modircaiion of Haden method, 362 
test for bcU-oxybutync aod in urm^ 110 


Osterberg and Comfort’s method for serum 
hpasc, 436 

and Schmidt’s method for blood plasma 
chlonde^ 386 

Ottenberg's classification of anemias, 299 
Otitis media, 625 

Outline under xtucroscope, best iHummafjon 
for, 5 

Ova 10 feces, 487, 491 
concentration of, 491 
OcKivas' method, 492 
Faust and Tobie concentratioo meth 
od 492 

Ovonuiooid medium, Hogue’s. 4S9 
Owen, Smith, Ziffrrn, and Hoffman, vita 
imn K m blood,. 202 

OQgen-capaaty method for estimating 
hemoglobin, 2t4 
Oxyhemoglobin, 205 
spectroscopic test for, 357 
Oxyuns incognita, 565 
vermlculans. 562 
Ozonized turpentine, US 


pAxam’a carboxyhemoglobm method of 
estimating hemoglobin 214 
Pancrtalic enzymes is duodenal contents. 
4C6 

eshmations. 432 
for amylase, 434 
for tfyps«, 433 
in feces, 479 

insuffiaeocy, Schaidt'a nuclei test for. 
4W 

lipase 10 blood seram, 435 
determination 436 

Tandy’s test for globulin in cerebrospinal 
flujy 597 

Tanoptic stain for blood 255 
Pappenheim’s method for tubercle bacOlus, 
46 

methylene blue solution S32 
panoptic method for staining blood 25o 
pyiomne~methyI green stain foe bacteria, 
832 

for blood, 256 

FarafSn nngs, instrument for making, 672 
Panigonimus kclhcotti, 543 
nngen 543 
westermanii, 542 
in sputum, 43 
raramocaum cob, 536 
Parasites, animal 495 

alternation of generations in, 495, 496 
anemia due to 302 
classification 496 
in blood, 326 
in feces, 473 437 
ui sputum 43 
munne 158 
mullinlicallon of, 49S 
blood, diseases due to, 327 


Oot)‘pe 

Ophtna 



INDEX 


rarasitn in cerebnspmAl Hutl, 606 I 

inodental, SJ7 | 

intestinal, ova of, oinccntiatioa met&oda 
for, 491, 492 

cuttxial. 525 See also ifolvial pa/^atti I 
rarastic endamebae, cultivation fit, 505 
Paratyphoid bacilli, 798 I 

levers, NS Ida! lest m, CaG I 

Paroxysmal hfffvoglobvnuna, US | 

autohenwlysis m, 75i I 

rvilii hemolytic anemia, 515 
Particles, nuclear, 260 
Partmon, nittogen, 78 
Pasteurella pesKS, 807 
tularcnsis. 807 

Paternity, blood groupuiE to determine. 337, 
342 

Paul’s test, for smallpox or vaccinia, 609 
Pauns test for amyloidosis, 334 
Pavement ceils In urmc, loO, H9, ISO 
Pediculus capitis, 582, £82, SS3 
humanui, SS2 
vestimeoii. 582, SSt 
Peehles-Leivis colorimeter, 351, 3S0 
Pentatnehomonas, 519 
Pentoses m urine, 104 

Sial s otonol test for, 105 
Pepper's concentration method for hook 
rvorm os«, 571 

Pepsin in castnc contents, 453, 45S , 

HammerschUB's method, 453 
Melt's mclbod, 459 
Pepsinogen in goslne contents, 453 

(lualiUUNO test, 454 i 

Peptone solution. Dunham's, preparation 
of, 775 I 

Pet tent and pci nuUe, &47 ' 

Pericardial tluid 590 I 

Penplan eyepieces, tO 
Peritoneal iluid, 590 

Permutite metlw forammama In tinne S5 
Pcraiaous anemia, blood cells u, 2SS, JOS, 
309, 311 
progressive, 305 

Peroxidase lest for myeloblasts, 282 
Pertussis, bacillus of, 803 

in sputum, 55 ; 

Sauer's potato blood agar for, 7t# 
leukocytosis In, 240 

lymphocytosis m, 269 I 

Petn dishct, stenlisaiion of, 761 
Petro/Ts medium, preparation of, 766 I 
method ^ mneentnuoz tubercle baolh, 
156 

Pettit, and Diggs, diagnosis cl sicUe cdl 
anemia, 312 
Phagocytic index, 666 
Fhaiyngomyxosu lepiothnca, 610 
Pluryne, diseases of, 610 
tuberculous ulcerations of, 614 
Phenacctm In unnCj 121 
Phenol m unne, 12a 
Phcaolphthalcin la unne. X25 


Pheuolsulfoiiepbthalciu test of kidney func- 
uon, IG3, 164 

application to two kidneys sepa 
rately, 16S 

Dunmnit's colonmetet (or, 166 
estimation of output, 165 
Phenomenon, Kurojiel Lccde, 32't 
&aw'B curve in, 167 
I technic, 163 

I use and licdtations in nenhnUs, 

179, 181 

rhenyihydmune test of Kois-arsky for 


elycosuru, 99 
Phlcbotomus, 518 


Phosphatase in blood serum, determination 
of, alkaline phosphatase method, 412 
Bodansky’s method, 405-411 
values in dmical cases, 411 
Phosphate mixture of Sorensen for bulTer 
solutions, 836 
Phosphates in feces, 484 
in unne, 75. 136 
alkaline, 75 

ammoniomagnesiura, 76, 136 
smorplious, 67, 75, 136 
siffiulaling costs, 147 
dicalaum, 137 
earthy, 75 
stellai, 137 
tnpJe. 76, m, JJT 
Phospnatic diabetes, 69 
Ptaosphituna, 76 

Phosphorus, inorganic, in blood. 405 
Codonsky’i method for, 405 411 
photelomctnc method, 411 
hpoid, 10 blood and plau^ determma- 
trot., 384 

Pbotdomeler, Karr and Clark hemoglobin 
reading, 216 

Sheard Saaford, 215, SIS 
Photclometnc dinicaJ chemistry, 352 
Pbolo-elcctnc colonmeter, 351 
methods of estimating hemogbbin, 215 
spcclTophotoraeter, 360 
PbotoimCTogTaphy, 22 
camcri for, 22 
bgbt filter for, 23 
Phihinus pubis, 582, SSZ 
Physical examination of duodenal contents 
406 

of gastric contents, 450 
of sputum, 32 
Physi^GgiC soluPons, 835 
PigmenM cells m sputum, 40 
Pigments, bile, m unne, dcleclioa of, 111 
in unne, color due to, 66 
removal, 64 

Fijper, apparatus to measure, erythrocytes, 

2iJ, ZJ2 

Itekenoo, Ifenderson and hfoore, Histo- 
plasma capsuUtum as cause of enteritis, 
633, 634 
Fink eye, 617 
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Pisnorins, 562 
in feces, 474 

Kill swab to detect, 563 
PipeU, 760 
capilhiy, 760 , 760 
seiologic, 672 

Thanu, for blood count, 222, 2ZZ 
Trcnner, for blood count, 222 , 222 
Pbgue, bubonic, bacillus of, 807 
Plaques blood, 191 
Plasma, blood. See Blood piaina 
cells, 2M I 

Plasmoilia, 525 See aUa UaJittoi paraxiUi 
Plate, KowarsVy’s fof fiamg blood, 251 
PUteiets, blood, 191, 243-243, 2S5, 2Sd See 
also Bh»I flcifiels 

dmuaished, hemorrhagic diseases result 
isg, 326 

increased rtsisLance of, hemorrhagic dis 
eases resulting, 326 
Platinum mres, 7a9 
Platyhelnuntbes, 537 
Pleroeereoids, 557 
Pleural fluid, 590 
Pluggms of culture tul>«s 762 
Plugs, Dittneh’s in sputum, 33 
Paeumococcus 583, 792 


capsules, flias' icetbod for. 5S3 
Kosenow's method for, m 


Sabin’s npid method, 796, 

Snuth • method for, 53 
la cenbmpina} fluid, 606 
la eye afTccboos, 612, 613 
in otitis media, 625 
la pus, 553 
in sputum, 52, 53 
mucasus. 793 

streptococcus and^ distinguishing be- 
tween, i9l 
types, 793 

detemiinaUon of. 793 
agglutination test for, 794 
Avery, Chickenng, Cole, and Dochca 
ireihod, 793 

Oliv ex’s rapid method, 795 
preapiUs lest for, <94 
Sabin’s rapid method, 796 . 

f^etimohths in sputum, 33 , 

PneuiTiorua, chlondesin unneio, estunation, I 


Poisson distnbutiOQ, of eiythrocytes, m 
counting chamber, 226 
Pollen m unne, 161 
tests, 821 

Pol>chtomatophiba, 253 
Pol>cbrome meth^leae-blue-eosin stains for 
blood. 252 

Ptdyc^'tnemia, 217, 316 
vera, 217,316 

PolyhMtal cells in unne, 149 
Fofymorpfionucfear fci^ocytes, 270 
m cercbro'^pinal fluid, 607 
in effuaions, significance, 591 
u> pneumonia, 277 
aeucmphihc leuKocytes, 270 
irt sputum, 57 
vital staiiungof, 296 
ieuLocytosis, 237, 271 
pathologic, 23$ 
ph>-siolog»c, 237 

Pol>'ph>IeUC theory of hematopoiesis, 287 
Polyuna, 65 
nocturnal, 65 

in chronic loleisubal nephnUs, 1S2 
to unpaired renal function, 169 
Ponder and Coobe s das»tficaUoa of sen 
Uophils, 275 
Poih upeworto, 549 
Porphobiiinogeo, IIS 
Porpbyna, acut^ 117 
congenita], II? 
idiopaliuc, U? 
l^orpbyrtns, 116 


P^hynns, 116 
absorption spectra of, 359 
tests tor, 117 


Porpb>nnuna, 116 

Porters modifleaUon of Ringer's solution, 
S55 

Post, Kingsbury Clark, and WlUiams meth 
od for ^bunun m unne, 95 

for total protein in spinal fluid. 


Posthemorihagtc anemia, acute, 302 
leukocytosis, 239 
Postoperative ieukoc)'tosis, 239 
Postur^ albumuuma, 88 
Potassium 10 blood serum, detenoiaation. 


croupous, sputum in, 52, 34, 61 
drunkard s, sputum tn, 32 
Klebsiella pneumoniae, 54, 55 
leukoc> tes m, Roaenthal s stauung meth 
od, 256 

leukocytosis in, 239 

neutropbil'toul leukocyte relationship 
in, 271 

polymorphonuclear leukocjtcs lo, 277 
Poikilocytes, 258 
Poikilocytosis, 258 
Pointer for microscope, 17 
Poisoning, lead, anemia of, 303 


quantitative, 420 
uidoi^’l sulfate in unne, 76 
phosphate solution, fifteenth molar pn 
mary, S36 

of unne, determination of, quantitative 


urate m unne, 130, 729 
Potato blood agar, Sauer’s, for whooping 
cough baolius, 769 
culture media, preparatioa of, 775 
Powell, on Tnchomoiias vaginabs, 520 
Power and Wakefield's method for inorganic 
sulfate in serum, 4l>>41$ 

PreapiUtton lest. See FlouulaUon Ust 
Pieapitiii, 662 



896 

Ptecipitm trst for pntumococcus types, <94 
for unknown protein. 662 

mUrpreUttoa 01 results, 664 
maienais for, 662 
method, 664 

in ec^nococnis disease, 664 
Pregnancy, anemu due to, 309 
tests, 646 

A^hheim Zondek, 64? 

Fnedman, 647 

Preservation of biood for anali'su, 360 
of unne for ana]>’sis, 64 12o 
Presen atives in nulk, detection, 637 
Pressure cooker, 758, 7S9 
Prc»umpu>e test, Kiiho’s, for s>'philis, 699 
Pnce-loncs erythrocyte diameter, 231 
Pnesvky, Wheatley, hlcLeod, Coates, and 
ll^pold culture method for goaococa, 

Proglottids, S4S 
Promegaloblast, 290 
Promin See ^iJ/onet 
Promyelocytes, 281, 290 
Fronormabbser 290 
Proteins in blood, temovaJ of, 36{ 

Folin'i new method 362 
] olin W u method, 36( 
lladen’a method. 362 
Mfum kjeldahl method for, 377 
tfl cerebrospinal duid 596 

(fuantitaiiie method (or 597 
u) milk, Uvfftf modiiicauoa of Csbach 
method for, 637 
in unne, 83 
Uence Jones', 93 
mucin, 95 
scrum slbuimo, 33 
globulin, 83 

unknoun, precipitin test for, 662 

inierpreution of results, 664 
matcnals for, 662 
method, 064 
Proteoses in unne, 96 
Proteus X19, 6ia, 662 
ProUitonibin, Wa 

diminished, blood diseases reSulUog, 325 
quotient, 201 
Ume o( blood, 200 

lloiveli s metliod for, 200 
in hemophilia, 325 
Quick’s simplified method, 201 
tcchmc, 202 

Proihrombinopeoia, bemonhagic disesses 
resulting, 325 

Protein, total, of blood serum, falling drop 
method, 37^ 379 

Prolnn^ blood, removal of, Osterbcrg’sl 
moiiil^uon of Ifaden's method, 362 
Piotovia, 497 
coprozoic, in fetes, 433 
in feces, 487 

lleidcnhaia’s Iron (umatoxyUa staia. 


t^tozoa IQ feces, probabilities of finding, 489 
special metbods for, 483 
loUsunal, iodine siaia for, 48S 
Prune-yuice sputum, 32 
Psetidocasts in unne, 148 
ISradoTnembranous conyuncUviUa, 618 
infiammatjons, acut^ 611 
Ptyabn, salivary, lest for, 615 
Pubic louse, 582, 5S2 
Pules imuns 583, 5SJ 
Pulmonary actinomycosiSj sputum m, 42 
Uastomyco&is, sputum in, 43 
edema, sputum in, 61 
tidieroilosis, lymphocytosis in, 263 
sputum in 32, 61 
Puncture Quids, 587 
of skia, obtaining blood from, 192 

estimating coagulation time, 198 
Purdy's brat lest for albumm in unne, 92 
Punne bodies in unne, 32 
Purpura haemorrhagicn, 324 
phtclets in, 244 
Purulent sputum, 32, 33 
Pus, 587 

caists 10 unne, 145, 745 
in pytlius, 185 
corpuscles, 270, a87 
ui eSusMns, wgmilcance, 591 
in feces, 483 
in gostne contents, 460 
in sputum, 36 
in unne 67 
ezsmiftauon of, 587 
gonococcus in, 589 
IS unne, 67, loO 
albunununa due to, 152 
Donna's lest, 67 
guantjuiive estimation, 152 
pneumococci in, 588 
staphylococa in, 587 
streptococa in, 587 
tubercle bacillus in, 589 
Pulrefaaion ol stools, 475 
Putty-Colored feces, 471 
Pyelius, unne in, 133 
sediment of, US 
Pyeloncphnlis, unne in, 160 
PykQ<»l^ 261 
Pynfona cells, 149 
Pyroniae stain for bactena, 832 
IVconine methyl green staui for bactena, 
832 

for blood, 256 
Pyuna, ISO 
m cysuus, 186 

la tubeici^sis of kidney, 134 

mahnal parasite, 525, 526, 532, 

Queco colony counter, 640 
|(^ik3c, clasnficauon of hemorrhagic dis- 
eases 325 
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Quwk, luppunc acid test of liver functioQ, 
430 ^ 

prothronibio Ume in hemopbiiia, 325 
simpbfied test for, 201 
Quinine bydrochlonde and urethane for 
vancose veiaa. 844 
la uflce, 12S 

Quotient, protiuombin, 201 


diagnosis, 621 
mouse test for, 009 
Negn bodies m, 622 

Frothinghatn's imuressiwi method 
for, (32 

Sellers stam for. 623 
Rat fleas, S$3 
Ray and Harris’ tnelhod for cevitamic aod I 
in unne, 439 

Ray fungus, cultural characteristics. 803 
in sputum, 42, 4Z 
Reagent, S28 
acid molybdate 393, 403 
Benedict and Hitchcock’s unc aetd, 370 
Benedict’^ 97 
quantitative, 101 
unc aad, 371 
Bial's, 105 
Boas’, 452 

Ehrlich’s, 113, 120,479 
£sbach's,94 
Exton’s, 92 
quantitative, 94 
Fehlifig's, 102 
Florence’s, 646 
FoUn Co^teu's, 412 
FoWs,391 
Greened 120 
H^es’, 98 
Lange’s, 598 
Mfimers, 133 
Iscssler’s, 81 
Obennaj^s, 78 
preservation of, 833 
Robert’s, 92 
Stokes’, 357 
Tsuchiya’s, 94 

Recogrution of blood, tests for, 353 
Red blood corpuscles See Erythxita 
bugs, 580 
sand in unne, 129 
sputum, 32 
Rediae 540 

Rees and Eckel’s diluting fluid, 246 
Retractile granule^ Isaac’s, 264 
Refraction, 23 

Regenerative shift to left, 275 
Rehfuss’ stomach tube, 447, 449 
Reinhart and Scott pregnancy test, 647 
Rei n s ch ’s test for arsenic in unne, 121 
Reisinger, Farley, and St. Clair count of| 
neutropluls, 275 
Relapsing fever, and ticks, 512 


Relapsing fever, organisma of, 510. 511 
rdlc of tic^ m, 512 
Renal See also Sidney 
albuminuni^ 88 
diabetes, unne 10 , 187 
function tests, di^rast clearance, 176 
ifiidia cfearaacs t?S 
gly«>suna, blood sugar m, 389 
urme 10 , 187 
beaiatuna, 1^ 
threshold tor sugar, 387 
Rennm in gastnc contents 454 
qualitative test, 454 
Resinous drugs in unne 125 
Resolving potverof objectives, 13 
Retention of inorganic sulfates in renal m 
sulSoency, 1S2 

of niliogea in renal msuSoency. 163. 164. 
171 

of norma) solids m nephntis, 1/8 
of urea m unne, 79 
Reuculocytes, 294 
m petniaous anemia, 207 
vital staimog of, 294 
Retractility 0 / blood dot, 199 
Rmolds, hfcCluie, and Wetmote method 
for amylase In duodenal contents, 434 
for trypsin uduodenal contents, 432 
Rh factor, a blood agglutisoges, ii} 
detemunatiOQ of, 345 
serum for, 346 
teacUoD, 345 
RhabdiUfonn larv^ 573 
RhabdiUi homuus Kobayaahi, 574 
Rheumatism, leukocytosis to, 238 
Rhinospondium seeben, cause of skm and 
mucosal tumors 632 
Rhuopoda, 497, 498 
Rhoades and Dobriner, porphyrias, 117 
Rhodes and van Rooyen, virus mdusioa 
bodies, 620 

Rice, trachoma indusioa bodies, 620 
Richards and Miller, fluorescent dye metb 
od, 47 

Rickettsia, 623 
bodies, 624 

Castaneda's stain for, 624 
pedicub, 624 
proTvazdd, 624 
quintana, 624 
Weil Felix reaction, 625 
Riedec's cell, 283 
Riegel s test meal, 445 
Riley, malana and vectors 530 
Ring bodies, Cabot’s, 262 , 263 
test^ Elton’s, for serum bihrubu), 426 
for albuminuria, 90 

Ringer's solution, Sorter's modiflcaiion, 83 
“ingworm 626 

caused by Trichophyton cratenform 
627, m, 629 
gypseum, 627, 6Z3 
tonsurans, 627, 6ZS, 6Z9 
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Robert’* test for albunun m unoe, 92 
Rocky MounUun spolte<l fe\cr, orBanism of, 
^ ^ . 

Roncheso-ilalfaltj formalin metliod for^ 
anunorua In urine, 

Rro\rn’s modiScalion, 85 , 

\an Rooycn and Rhodes, virus indusion 
bodies, 620 

Rose and Raton’s modification of sugar 
tolerance lest, 388 

Rose and Culbertson, echinococms dtag 
nosis, 551 

Rose beagal lest of User (unctwo, 429 
Rosegger, and RJima, bone marrow needle, 
291 . 292 

Roseofeld and Davidaihn, anti M and 
anti N testing Quids, 342 
Rosenow’s method for pneumococcus cap- , 
sules, 54 

Roscnlnal and Cugel, hypoleikocytic an- 
gina, 323 

Rosenthars bromsulialeui method for liver 
function, 423 
eolonmeter, 42$ 

staining method for leukocytes in pneu 
moms, 256 

Rothera's test for acetone m unne, lOS 
Rotabacillus, 806 i 

Rouleaus fonniticn, 190 , 190 , 

Round o.'orou.dSS I 

Rous' test forhcfflosidena in unne, 116 
Routine, nf&ce, methods for, 825 
Rowntree and Gcra^Cy’s test for renal 
function, 163, 164 

Rowntree, Geragbty, and Seith method for i 
blood and plasms \ olume, 332-335 
Rubner's test (or lactose in unne, 104 
Ruhland’s modificalioa o( Grom’s stain, 760 
Rumpel Leede phenomenon, in hemorrhagic I 
diatheses, 324 

Russell s double sugar agar, preparation, 771 
Rusty sputum, 32, 35 


Sabik’s rapid method for pneumococcus 
types, /96 

vital slauung cf leukocytes, 295 
Sabouraud's agar for fungi, 768 
Sacchajiaieter, EinhorD'a. 105 
Sachs’ method, modified, for anticomple- 
menlorv sera in complement fixation test, 
752 

Salranm stain, 823 
Sohli’s bereogtobuomeCer, 209, ZiO 
Sohb Helhge bemometer, 210, 2H 
Salicylates ui unne. 126 
Sahne, normal, 835 
Sohvo, 615 

amylase or ptyalm in, test for, 615 , 

mercury combining power, method of I 
Kench and Aldnch. 616 ‘ 

urea and ammonia nitrogen In, 616 
Salivaty corpuscles, 61S 


SalfflonelU ententidte, 601 
{Miatyphi, 793 
schottmuuen, 798 
Salol in unne, 126 

test* of motor power of stomach, 464 
Sail (sodium chlonde) retention in nephntis, 
179 

s(4utiaa for intravoious use, 840 
hypotonic, resistance of erythrocytes 
to, 327 

physiologic, 855 

in complement fixation test for syph- 
ilis, 755 
defective, 751 

Samwick, Wuser, OremUnd, and Hyman, 
transfusion reaction*, 336 
Sand, intestinal, 472 
red, in unne, 129 

Sondes preservative for blood, 361 
Sanford, molana m Minaesaia, 530 
Sanford and Magath's centn/uge tube for 
blood volume index determinations, 231, 

m 

Sanford and Sheaid's photclometer, 215, 21$ 
Sanford and Voclkcr, oa ocUnomyoosis, 803 
Sanford's fragility test, 327 
Saicinae in feces, 48(> 
in gostne contents, 460 
Sarcwlina, 497, 498 
Saro^pteaseah[c^57S, $72,S19 
Sardine scales id feces, 481 
Saner and Hambtecht’s potato blood ngaz 
for D pertussis, 769 
Sawyer’s stomach tube, 449 
Scale, hemoglobin, Tollqvist's, 209 
Scales, sordine, in feces, 431 
Scarlet (cixt, Dick test tor immunity to, 820 
Dbhle's inclusion bodies m, 276 
eosiDophiha in, 278 
leukocytosis in, 238 
Schortach R stain, 833 
Schick test for immunity to diphtheria, 820 
Schilbog count of neutrophlts, 274 
hemogram, 274 

Schislosoma naematobiuoi, 543, 543, S44 
as cause of bematuna, 154 
in unne, 158 
japonicum, 545 
monsoid, 54S, 544 
Schuomy^etes classification, 803 
Schizotiypanum crus, 515 
Schleicher, and Sharp, method of preparing 
and Btauung bone morrow, 291 
Schledogcr's test for urobilm m unne, 113 
Schnudi't diet for examination of fecA 493 
Qudn test (or examination of f^cs, 494 
test lor UTobihn in feces, 477 
Schnudt and Osterberg’s method for blood 
plasma chlondes, 336 
Schneider, pregnancy test, 647 
Sebnadet's index for detertoinalioa of 
tirobihn in duoden^ contests, 467 
ScbtlS&er’s granules, 259 
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Schwartz and Watkins, unoaiy potphn 
bilmogeo, 117 
Scolez, 545 

Scott and Reinhart, pregnancy test, 647 
Scott and Simon, Pam’s test for smallpox or 
vacaoia, 609 

Scratches on slide as cause of enor, 161 
Screw wonn, 584, SS-f 
5cn\ er and Waugh, method m diagnosis of 
Sickle cell anemia, 513, Jf^ 

Scudder, shock, 379 

Sedimenl in unne, 116, IIS, 139, 159 S« 
also Unnary sedtmmU 
Sedunentalion «peed ol en’throcytca, 329 
Westergren method, 331 
Wintrobc and I^mdsberg detenmna- 
Uoo, 330 

Segmentation of malarial parasites. 526 
Se^enters, malarial parasites, 534 
SeUard’s bicarbonate test in aadosis, 69, 651 
SeUer*s stain tor bodies, 623 
Selling and hfcLeaa's modification of Vol 
hard’s method foe chlondes In unite, 75 
Setneo, 644 

Roston’s method of traosporting, 644 
rtorence's rcacuoa, 646 
Moeoch's czamuialioo, 64S 
on clothes, detecuon, 645 
Setsi-apochroaiauc obieeuves, 9 
Sendroy, photo-electne detenunattoa of 
chlonde and lodate, in biolonc fluids, 337 . 
Separalpiy funnel, Strauss', 453 , 454 
Seiodiagnosuc methods, 654 
Serologic pipets, 672 
Semmuoa, 591 
Seropunile&t sputum, 33 
Serous eflusions, 591 
sputum, 33 

Serum hydrolyzed, preparation of, 774 
albuauQ in urine, 83 
blood, 192, 195 See also Bleod serum 
for complement fixation test for syphilis, 
anUcomplenseutaiy, 751 
preparation, 739 
globulin in uruie, 88 
hpase detemunation, 435, 436 
protein dcteimmation, 377 
sickness, hetetophfle antibody reaction in, 
755 

test for kala azar, 518 
water medium, liiss', preparation of, 775 
Shadow cells in unn^ 153, f J3 
Sharp and Schlocher, method of piepanng 
and staining bone marrow, 291 
Shaw’s study of curve elimination of phenol 
sulfonephtbalein, 167 
Sheard-Sanford photdometer, 21S, ZJ5 
Sbeard, spectrophotelometer, 360 
Sheep c^usdes in com{flemeot fixation 
test, 736 
defectiie, 751 

Sheo-Naa Cheer’s method for tuberde 
bacilli in cerebrospinal fluid, 604 


Shift to right or left, 275 
Shi^a dysentenae, 7W 
paradysentenae, 799 
Shocl^ hemocoacentraiion is, 317 
Sc u d d er, falhog drop method, 379 
Shohl needle tip, 416 , 417 
Shredded wheat test meal, 445 
Sickle cell anemia, 312, 3J2 
test for, 313, 3/4 

Side-chain theory of immumty, 667 
Sliver method for Treponema pallidum, 

mtrate solution, standard, 75 
Simon and Scott Paul's test for smallpox 
or vaccinia, 609 

Simoa’s modification 0! Kelhng’s test for 
lactic and, 453 

Sinus, longitudinal, supenor, obtaining 
Uood from, 195 

Skio, disease of, eosinophiha in, 279 
fungous, 626 

lesioos, caused bv AsperziUits fumigatus 
635,635 ® 

myusis of, 584, Si4 
puncture, obtaimsg blood from, 192 
estimaUng eoagulaUon tune, 198 
tests, 8I8-S24 
for hypersuscepUbihty, 821 
(or trichinosis, 823 
in echinococcus disease, 551, 822 
speofie, for hutoplasMsis, 635 

caused by Rnmospondtum seeben 

Sleeping sickness, orgamsms of, 515 
Slide precjpitabon test for syphiUs, 670 , 671 
antigen emulsions for, 674 
with heated serum, 676 
mlh spinal fluid, 677 

Shde-and-cover method for blood 249 
Smallpox, diaraosis of, Paul method, 6^ 
Smegma tuallus m sputum, 51 
Smith, renal clearance tests, 176 
South, Thlfreo, Owen and Hoflman, vitamin 
K. m blood, 202 

Smith’s method for pneumococcus capsules 

test for bile pigment in unne, 111 
Smoky unne, 152 
Soaps in fec^ 482 

Sodium bicarbonate solution for intra 
venous use, 840 

biurate crystals m gout, 626, 626 
carbonate solution for intravenous use, 
840 

chhiride. See Sail 

atzate solution for mtravenous use, 841 
fluoride and thymol as blood preserva 
tive, 361 

hydroxide, dcononnal solution, 829 
normal solution, 834 
in blood serum, determination, 419 
lactate solution for intravenous use, 843 
morrhuate sohihoo for varicose vetos, 845 



900 


IMCEX 


Sodiuin oi senus, lodometnc method for, 419] 
phosphate salutioa, fiiteeath moUr sec- 
ondaiy, 836 

saholate soluLioo for vancose veins, 78S 
tufiptate, 361 
urate in unne, 130 

Sohds, notma], retention in nephritis, 17S 
tot^ m unne, 72 

ilascr’s method, 73 ^ 

Solutions, bufler, Sorensen's phosphate 
mixtures for, 836 

for treatment of vancose veins, 844 
mtravenous, 83fr^i4 
normal, 833 
pbysiolopc, 835 
staimns, 8o0 
Somatic antigens. 661 
^mogji, meihoa for senun amylase, 436 
Sondem's diflezential leukocyte raistance] 
line, 271 ' 

Sore, Onental, orgamsm of, 518 
Sfiressen's otrate, lortnula lot, 
phosphate matures for buffer solutions, 
836 

table of buffer mixtures, 836 
Specific gravity of extremely small quan 
Lues of ffuid, 71 
of unne, 70 169 
fixation of, 169 

u unpatrea renal function, 169 
meth^ of estisiatiDg, 70 
SpectrophotomeCnc method of estunaUng, 
faemoglobm, 215 

Specuotcope, direct vuion, 355, SSS 
Spectroscopic test for blood, 355 

abaorpUoo spectra of hemoglobin 
dem stives, 356, 359 
treatment of suspected matenal, 355 
for bemoglobm in unne, 116 
Spences ' bright line ' countiog chamber, 
219, 2^<f 

Spennatosoa, counting of, 645 
in unne, 155 
smears of, method, 645 
Spidu poisoning, S8S 
Spinal fimd SeeCere5ro/y»naf 
Spindle cells, 149 
^irals, Curstiimana's, in sputum, 38, 58, 39 
Spinllum tcunus, cause of rat bite fever, 609 
Spirocbaeta pallida, 641 
Spirochetes, SIO 

10 tissue, DeCalantha method for, 644 
Splenoffli uogenous leukemia, 317 
Spores, aesttojmg, 761 
Huntfion's method for, 781 
hICUer's method lor. 781 
of molds In sputum, 42 i 

Sporotnchosis, caused by Sporolnchum, 
scheock), 629, 630 

Sporotnehum schencki, cause of spoto«l 
tnchosis, 629, 630 * 

Spatoioa, 498, 523 ^ • 

Sporozoites, 528 ^ 


Spotted fever, Kocky Hountam, o 
of, 624, 580 
fray's culture method for anaerobic 
bactena, 785 
Sprue, 309 
feces la, 474, 486 
Sputum, 30 

aiod fast bacilli la, 45, 51 
Actinomyces fardmeus in, 56 
hominis in, 42, 42, 56 
albumin in. 59 
method tor, 59 
alveolar cells in, 59 
animal parasites to, 43 
AspergiUus fumigatiu in, 43 
Baallus mucosus upsuUtus m, 54 
of Fnedllnder m. 54 
of influenza in, 54 

of tuberculosis In, 44 See also BtuiUus 
tiibereulgsu tn sputum 
pertussis In, 55 
bactena o, 44 
black, 33 
blood 1ft, 32 
bronthisJ mats in, 34 
brown, 33 

carbon laden cells in. 41 
cells in, 43, 57 

Charcot Leyden crystals in, 38, 39, 35, 39 

cbeffiica] exacunaLon, 59 

Cocodioidts immius m, 45 

color, 32 

colorless, 32 

consistency, 35 

cotton fib^ in, 57 

oudum, 33 

Curschtnann’s spirals in, 38, 3S, 39 
cyhndnc cells in, 59 
Piltnch's plugs in, 33 
eUsLC fibers In, 3^38, 36 , 37 
Endamoeba histolytica in, 43 
eodolhebal leukoses in, 58 
eosinophilic leukocytes in, 57 
epithelial cells In 53 
erythrocytes in, 59 
esaminaLon, chemical, 59 
coUecung umple for, 30 
macroscopic, 31 
Ductoscopic, 35 
physical, 32 
touLncL 31 

fatty aad cry stals in, 37, 40 
food partides In, 35 
globular, 62 

etude cells in, 58 
hair fungi in, 56 
heart failure cells m, 40 
Ifeowphjluainflueazaevx, S4, SS 
pertussis, 55 
hi^er bactena in 56 
u acute bro nfhi fia^ 60 
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Sputuia in asUiracosis, 41 
in bronchial asthma, 38, 39, 29, 40, 57 , 1 
u> bronchiectasis, 60 
m chrome bronchus, 34, 60 
in croupous pneumonia, 32, 34, 61 
m diphtheria, 29 
in disease, 60 

in hbnnous bronchitis, 39, 60 
iQ gasgrzae of lun^, 61 
m pulmonaxy aclmom) cosis, 42 
biostomjcosis, 43 
edema, 61 
tuberculosis, 61 

Kfebsteila pneumoniae in, Si, SS 
layer fonnation, 33 
Leptotnchia buccohs m, 37, 56 
leuKOcytes in, 57 
luns stones in. 33 
lymphocytes in, 57 
macroscopic examination, 31 
Micrococcus calarrhabs in, 56, 56 
micro^rgarusBis in, 44 
microscopic exasucation, 35 
stained, 43 
unstained, 35 
molds ui, 42 

aiomiDs, myehs globules 10 , 41, 4l 
oomul, 60 
tubercle baeib in, 30 
ilucli’s granules 10 , 52 
mucoid, 33 
mueopuruient, 33 
mycoderma m, 43 
myclia globules in, 41, 4J 
Neitsena caUrrholis m, 56 
Noarda in, 57 
nummular, 31, 62 
o{ imtation, 60 

Paragonimus westermanu lo, 43 
physical examination, 32 
pigmented cells m, 40 
pneumococcus in, 52 
pneumoUths in, 33 

polymorphonudcar neutrophils m, 57 

prune-juicc, 32 

purulent, 32, 33 

pus cells iR, 36 

quantity, 32 

my fun^s in, 42, 4J 

receptacle for, 31 

red, 32 

routine examination, 31 
rusly, 32, 33 
seropurulent, 33 
serous, 33 

smegma baoHus in, 51 
speamen, coitecUn^ 30 
squamous cells in, 58 
stained, 43 
staphylococcus in, 52 
str^itococcus in, 52 
Streplothnx m. S7 
SCtaogylaides stercorahs m, 42 


Sputum, sulfur granules m, 42, 43 
Trichomonas hommis in, 43 
Tncbomycetes 56 
tubercle bacillus 10 , 44. See also Bactllus 
fsibifCiJos0 r» spiJuM. 
unstained, 35 
yeasts in, 42, 43 
yellowish green, 32 
Sqiiaoious cdls in sputum, 59 
in imne, ISO, W, ISO 
SquibVs unnometer, 70, 7J 
St CSair, Retsuiger, and Farley count of 
neutrophils, 275 

Stab shut puncture for blood sample, 192 
Stag^ mechomcal, attachable, for micro 
scope, 24 , 25 
micrometer, 20 
Staxoed blood study of, 248 
films. 257 
iputum, 43 

Staining blood films, 252 
metbodi, 779 

ptoptrtiea of erythrocytes, vanations in, 
2a8 

solutions, 830 
supmvitd, 293 
viUl,293 

of erythrocytes, 293 
of leukocytes, 295 
^ reiiculocytu, 294 
Stains, ^6 

Albert's, for dipbthena banlius, 613 
andine gentian violet, for bacteria, 831 
earbol gentian violet, for baclena, &51 
carbolfuch&in, 831 
carbolihionin, for battens, 830 
for blood, 256 

Castaneda’s, lot rickettsia, 624 
co’stal violet, for bactena, 831 
Caaplen-ski s catboi gentian violet, S3l 
carbolfucbsiR, 83l 

De Gaiantha's for spirochetes m tissue, 644 
FoRlona Tnbo&deau, for Treponema pal 
bdum, 643 
for bactena, 830 
for blood film, 252 
for olSce laboratory, £30 
fonnahn gentian violet, for bactena, 831 
furhsin, for bactena, 831 
Gabbet's, for tuberde bsoUus, 45, 332 
gentian violet, for bactena, 831 
Giemsa's tor blood, 255 
for Treponema pallidum, ^3 
Goodpasture’s, 383 
Gram's, for bactena, 7S0 
Hams' bematoxybo, for bactena, 831 
Heidcnbain's iron hematoxylui, for fiogel* 
lates and endamebae, 490 
heautozylin and eosio, for blood, 252 
for bactena, 831 
Heixheiiner’s sudaa HI, 833 
Huntoon's, for spores, 7S1 
Mxhse, for bactena, 8^ 
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St^sjt Jenner’s, for blood, 256 
LCfQi^s alkabne locthylese blue, S32 
for flagella, 782 

nieU5>i violet, for bacteria, 832 
inetbylcne blue, 832 
MsUer’s, for spores, 781 
Neisser’s, for diphtiiena baollus, 613 
Pappeobeim’s, for tubercle boollus, 46 
Qictb>lene blue, 832 
panoptic, foe blood, 255 
pyronine netbyl greeo, for bactena, 
832 

for blood, 2S6 

pohebrome melbyleoe'blue-oosm, (or 
blood, 253 

pyromae, for bactena, 832 
Rosenow's, for capsules, 54 
Rosenthal’s, for leukocytes, 256 
safranm, 833 
Scbarlach S, 833 
Seller’s, (or Negn boebes, 623 
silver, for Trepooema palbdum, 643 
suople, for bactena, 

Smith's, for capsules, S3 
Sudan lU. 633 

van Gieson's methylene'blue fucbsia, 622 , 
Wn^t’s, lor blow, 253 

Mejunlua’s modification, 2S4 
use for Treponema pallidum, 643 
Zi^ Xcelsen carbolfucbsio, 831 
for tubercle baollus, 46 
Staphylococcus in eye sflecuou, 617, 4 IS 
la oUtis media, 625 
in pus, 587 
in sputum, 52 
in unoe, 156, 18o 
pyogenes albus, 3SS, 791 
aureus, 790 
atxeus, 791 

Starch granules in feces, 481 
la unne 161, 160 
paper, ptcparation, 463 
States, spectropbotelooieter, 360 
Steam stenbaer, 758, 75P 
Stcgomyia foscuta, 530, S3i 
^cUar phosphate costas m unne, 137 
Step nacrometer eyepiece, 20 
Stenluation of cotton and gause, 762 
d{ culture media, 761 
of glassware and metal, 761 
of vaccines, 812 
Stenbrexs, 7M, ?5P 

StemuRij aspiration of, in diagnosis of Uood 

niT^ditKitiS, 1^2 

Stiles and Dstis, cocadioidal giasuloma, 
632 I 

Stitt’s diluting fluid for eosinophj count,! 
266 ' 

Stippling, basophibca 259 
mhUnal,259 
Stokes’ reagent, 357 

Stolls’ metbod of counting bookworm ova t 
feus. 572 


Stomadi, absorptive power of, 463 
carcinoma of. gastric contents in, 462 
oonteots of, 444 See also Cortrte confentr 
dilatatioB of, gaalnc contents in, 461 
diseases of, tndicacuna in, 77 
motor power of, 463 

Ewald’s siiol test, 464 
sue and position, determining, 464 
tub& 447 
Boas', 448 

introduction of, 447, 448 
Rehfuss', 447, 449 
Sawyer's, 449 

ulcer 4U, gutne contents la, 463 
worms, 559 

Stones, lung, in sputum, 33 
StooL See Fttu y 
Strauss’ separatdly funnel, 453, 4S4 
test for laclic acid, 453 
StreptobaciUus moniblomus, cause of rat 
bite ftvet^ 609 

SUeptococoo pseudomembranous conjunc 
tiniis, 618 
Streptococcus. 791 
anguMsus, 792 
aobeoMlytJC, 792 
cpidemicus, 792 

C t> ptoduong, 792 
olytie, 792 

10 eye afeebons, 617, 618 
in obtu media, 625 
m pus, 587 
10 sputum, 52 
in unoe, 156 
outwr. 792 

mucDsuseapsuUtus, 793 
pneumococcus and, distinguishing be> 
tween, 792 
pyogenes, SS8 , 792 
salivanus, 792 
scorlaimae. 792 
vindans, 792 

Stceptotbrla m sputum, 57 
StroogyloideS stercorabs, 159, 573, 574, 575 
IB duodenal contenta 468 
IB feces. 491 
IB sputum. 43 

Subborow and Fiske's method for inorganic 
phosphate, Tloe and Whitmore’s mo^flea* 
tMn, Alt 

Soccmylsulfatbiazole,ia blood,metbod for, 

Suaose in unne, 104 
Sudan ttam, 833 
Sugar agar, double, Russell's, 771 
culture media, preparation of, 773 
in blood, 387 aUo fitsod rnjor 
m ixreb^pinai fluid, 601 
IB unne, 9o 
cane sugar, 104 
dextrose, 96 
fnut sugar, 103 
^ucose, 96 
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Sugar m uime, Uctose, 104 
leiiUcse, 103 
maltose, 104 
null: sugar, 104 
pentoses, 104 
reaaJ ttresbold for, 3S7 
tolerance test, 3S8 

Hstoo and Rose’s roodificatios, 3SS 
Sulfadianoe, free, ut blood, method for, 441 
Sulfanilamide, free, in blood, method for, 
441 

Sulfapyndme, free, in blood, method for, 441 
Sulfate clearance^ detenmnatios, 41S 
Sulfates in blood, detenmnation of, 415 
inorganic, 415 
inurme, 76 
conjugate, 76 
ether^ 76 ^ 

mdican, 76 
inorganic, 41$ 
determination, 4IS 

inorganic, in blood serum, Foirei and 
Wahefeld’s method, 415-118 
mioeial, 76 
potassium lodoryl, 76 
preformed, 76 

retention of, u> renal insuSaency, 182 
Sulfathiazole, free, in blood, method for, 441 
succiayl, in blow, methcd for, 442 
Suifhemogiobtn, 20o 
spectroMpkC test for, 3SS 
Suuottarmde, free, in blood, method for, 
441 

total U3 blood, method for, 441 
Sulfonamides, 440 
crystals, m unne, 13S 
determuuCiaa of, in blood, 441 
In imne, 441 

Sulfoses, detenmnation of, in blood and 
unne, 442 

Sulfosahcybe aad test for albumin in unne. 
92 

Sulfur bodies, 803 
granules is sputum, 42 , 42 
SulLowitch test, for c^aum in unne, L32 
Sullivan’s method for osteine in blood, 376 
Supravital stauucg, 293 
Surface contour under midoscope, best 
lUumisatioa for, 5 
Suspension for vacoaes, 812 
Ssreeney and Walker, blood platelet onut, 
247 

Syndrome, Maichiafava hlicheli, 315 
Syphilis antigens, 736. See also 
complement fixation test, 735. Sm also 
Complement fixolum lest for eyphlu 
Dawcs-Hinton test for, 7G3 
Eagle test for, 714 
Eagle-Wassenaana test for, 721 
fiolccuatioa tests, 669, 679, 689, 70J, 709, 
714 

Hinton test for, third modification, 703 
test for, 6S9 


Syphilis, Htne test for, 670 
material, examination of, 641 
Mazzini test for, 679 
serodiagnosuc tests for, 669 
Wassermann reaction m, 733 See ^so 
ComplemeHt Jise^iwn test for syphtiu 


Tabasdiuo, 624 

Taenia echinococcus, SSO, SSI, SS2 
ut unne, 158 , 158 
dlipUca, 5SS 
saginata, 548, 549^ 556 
egg of, under microscope, 21, 550 
lo feces, 491 
solium. 549, 55/, 556 
TaUqvist’t bemoglobrn scale, 209 
Tannin in unne, 126 
Tapcvorms, 545 , 546 
beef,54S 
dnan, 5a3 
Gsh,S55 
in feces, 473 
recovery of, 548 
pork, 549 

recovery of head, 547 
Tarry stools. 471 

Tartane aad culture medium for fungi, 763 
Taylor’s unnomeler, 70 
Taylor, Otase, and Faulkner’s method for 
cevitamic aod m blood, 437 
Tacbmaaa’s test for blood, 354 
Telospondia, 498, $23 
Temperature, Cutigrade and Fahrenheit, 
846 

Tertian malarial parasite, $25, 526, 532, 533 
Test, Casoni, for echinocoaus cj-st, 822 
for histoplasmosis, 635 
for rabies, mouse test. 609 
for smallpox, Paul s, 609 
for vacaiua, Paul s, 609 
meals, 445 
alcohol, 446 
airoir root cookies, 445 
cafleine, 447 
egg albumin, 447 
Ewalds, 445 

Mosenthal's, for renal function, 162 
16*. 169-171, 181 
Riegei t, 445 
shredded wheat, 445 
water, 447 

of diphtnena virulence, 603 
of Marchiafava Micheh syndrome, 754 
serologic, for Leptospira icteroosemor' 
rbanae, 513, 610 
tor tnclunosis, 823 

Tetanus, calcium preopitated toxoid for, 
818 

bacillus of. 805 

Tetiachlorethane poisoning, monocytosis in, 
270 

Texas fever, orgamsm of, 536 
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Thannbausef and Anderson’s modidcatton 
o{ ^an dca Bct^b sieUiod foe scrum bill-' 
rubin, 424 

Thonia pipet for blood count, 222 , 222 
Thompson's hydrolyzed senna a§ar, 774 ' 

momdcation of U ilsoa and Blur medium, i 
765 I 

Hiotn-apple crystals in unne, 137 , 

Thieadv-orm, 536, S62 1 

Threads, gonorrheal, and pus, 539 I 

in unne, 147, 157. 5S9 | 

mucous, m unne, 146 I 

Throat, diseases of, 6U ! 

Thrombin, 195 I 

Thrombocytoent, Van Allen's, 246 I 

deficiency of, heisonbasic diseases itr 
suiting, 326 

Thromboplastmopema, hemorrhagic dis*, 

easts resulting, 526 
Thromboplastin, 195 
Thrush, 611 

Thygeson, inclusiaa blennorrhea, 619 
Thymol sodium fiuondc as Uood preserve I 
tne. 361 

Tids, 577, 550 ' 

sccton o! relapsine lever, 512 
Tide, allialiae, 69 
Unea tersicolor, 626 

hfalauezia furfur as cause, 627, i27 
TisdolVs method for blood calDum, CUrk* 
CoUip modification, 403 ' 

quantieain e «enun potassium detenmna 
Lion, 420 

Tttdall and Kramer s method (or sodtiun 
and potassium in blood, 420 
Tissue, conneeuve, in (cc^ 4S2 
^mucosal in gastnc contents, 4S1 
vegetable, m feces, 470, 48Q 
Tilralioa method, for carbon dioxide com 
bimng pouer oi blood plasma, 400 
(or teaclioa of culture media. 776 
of antigen for complement fixation test, 
743 

for £agle-\5assesmaiia test, anUcom* 
plcnicnCary, 772 
hemolytic, 772 
for bfozani syphilis test, 6S3 
of hemolysin (ot camptemenl fixabon 
lest, 740 

Tobie and Faust, concentration method, 
for ova of intesunal parasites, 492 
Todd and Herrmann, yeast raerungitis, 631 
Todd's modification or “circle’' method for] 
ttrantiTiB icukocytes, 242 
Toisson'sfiuid, 221 
Tolerance test for sugar, 388 

Txton and ^so’s modification, 
388 

Tongue worms, 5S0, /5f 
Tcipfer's methM for combined hydtochloiK 
acid, 437 

for free bydrochlonc oad, 457 
for total oodiiy of gastne contents, 45S 


Trqiihi, gouty, 626 

sodium bmrate crystals lo, 626 
Tonila, os cause of zneningiti^ 606. 631 
histolytica, cause of toriilosrs, 631 , 632 
Tonik)^ caused by Tonila histolytica, 631 
632 

Toiascans cants, 559 
Toxenuo, postanesthetic, 106 
Tosoc leidrocytosis, 239 
Toun&prothrombinopenia and, 326 
ToxoKfs, method cf use, 818 
alum precipitated, against diphtheria, S18 
against tetanus, SIS 
Trachoma, 620 
inclusion bodies, 620 

Ttaasfusioa, tnatewne bloods for, 335, 338 
339 

reaction^ Wieoer, Oremland, Hyman, 
and S^vndt. 336 
, Transitional cells in unne, ISO 
leukocytes, 269 
Transparency of unne, 66 
'Transudates, 590 
Trematoda, 538 
Trencb fever, organism of, 624 
Trenner (npet lor blood count, 222 , 222 
Treponema, 514 
nuctodenljum, 514 , 514 
mucosum, 514 
paUidum. $14, 514, 641 , 641 
rocitana«Tnbondeau silver method, 643 
Cieoosa’i stain for, 642 
in tissue, De Cal.iatha method lor, 644 
Indta-mx method for, 613 
obtaining, 642 

Wngbt's olood stun for, 643 * 

pertenue $14 
,'tna(nma, $16 
megista, 516 

Tnboodeau Fontana silver method for 
Treponema pailiduva, 643 
Tncercomonas inteslmalis, 523 
Tncbinella lo blood, 327, 575 
in cctebrospiDol Quid, 57$, 606 
ID feces, 474 

spiiahs, 279, 327, 574, S76 
Tncbiniasu, 575 
eosmoptuUa in, 279 
skio tot for, 576 
Tnchinosts, sun test, 823 
Tncbocepbalus dispar, 577, 576 
^Tnchommias 523 
buccahs, 521 
honunis, 518, 5)9, 52) 
in sputum, 43 
in unne, 153 
in feces, 487 
detection of, 489 
vaginalis, 520 , 521 
Tnchomycctes in sputum, 56 
Tndbophytoa ersteniorme, cause oi nng* 

,627,622.629 

1 , cause of nngwoRD, 627 , 622 
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l^^ot^ytoa tonsurans, cause o{ noz- 
xrozzOf 627, 6Z6, 6Z9 
Tndiuns tndatira, 577, SZ6 
Triple plK»p2iate cryst^ ts feces, ^ 
murme, 76, 136 
Trambscula imui^ i5J 
Trypanosoma, 51-1 
brucei, 516 
cru2. 515 
eqmpefdum, 516 
evansi, 516 
gatnbirase, S15 
(emsi, 516, SSS 
rbodesieose, 515 
Trnunosomes in blood, 515 
In cerebRKpuul £ujd, 606 
ToTanosocousa, orgaoisma of, 515, 516 
'n^sin m duodenal contend 5fcCture, 
Wetmore, and Reynolds actliod for. 
432 

m feces. 479 

pancreatic, metliod for, 433 
T^tcphan In cerebrospinal fluid, Aiello's 
test, 602 

Tsuduya’s culture medium for ^ndim.«Kig, 
5QS 

tnetbod for esumaans albumin tn mnne. 
94 

Tube casta in unne, 139 
ciamioation for 140 
in nepbntis, 140, 177 
sucniocanee, 140 
centrifuge. See Ctnlnfu%t tvht 
culture 762. See also Cuftuf* {uie 
duodenal, c{ Agren and Lagetl^'a, 465 
uitroducuon, 466 
Einkam’s, 463 
introduction of, 465 
fennestation, Dunham's, 711 
Folin's, 

Mett's, 459 
stoma^447 
introduction of, 446 
Vilntrobe bematoent, 230, AJO 
Tubercle baallus, 802 
mycobactenum tubeiculosu, 44 See also 
BaetUus iuhereulosu ' 

Tuberculin, 813 
admuustraiioa of, 813 
(n diagnosis, 813 

Calmette’s opbthaImo>ieactiOD, 818 
b^'podeniuc lOjecUon, gfS 
Mantoux intracutancoua test, 819 
tuberculin P. P. D , 819 
Von Pirquet’s method, gig 
Tuberculosis, bacillus of, 803. See 
BaetBtu tuitereulMt 
diazo reaction ut, 119 
fluorescent dye method, 47 
Mytobacteimm tuberculosis, 44 
of bladder, uime m, 186 
pidmonaiy, l>mphocytosts u, 26S 1 

sputum in, 32 ] 


Tuberculosis, renal, unne in, 184 
Tuberculous meningitis, AieQo's trypto- 
phan test, 602 
Levinson’s test, 603 
ulcerations of mouth and pharynx, 614 
Tubing culture media, 778 
Tubules, renal, t6le in diodrast dearance 
tests, 176 

Tularemia, bactenum of, 807 
Tumors of bladder, urtne in, 186 
of kidney, malignant, unne in, 185 
Tunga penetrans, 584 
T\iibidity method of counting vaccines 
8lS 

Tiirk's imtation leukocytes, 283 

Turpestme. ozonized, 115 

'Ttrtxoier glass method lot bbod Aims, 

I 249. Z4P 

\ Tno-^de method for blood films, 250, ZSO 
Typhoid banUus, 798, 800 
I blood cultures for, 787, 789 

! in blood, 787 

in feces, 485 
I in unne, 156 

fever, daeo reaction m, 119 
monocytosis is, 270 
vacones in proph>lassof, 817 
Widal test in, w7 , 660 
Typboid-dysenU^ bacteru to feces, 485 
TSpbus fever, organisms of, 624 
Weil Felu reaction in, 662 
Tiyiog, Wood, 340 

precauUORS, 340 

Tyrosine crystals 10 unne, 132, 133, /3J 
Momers let for, 13i 


Urmauxs's test for lactic and, 453 
Iflcrr, rojseal, pneumocsccus m, 617, SS9 
gastric, gastric contents in, 463 
inceratioas, tuberculous, of mouth and 
pbarjux. 614 

Undulut fe%er, bactenumof 608 
Urates, amorphous, in unoe, 67, 82, 130 
simulating casts, 147 

Urea clearance as test of renal function, 163 
164, 174 
crystals, 79 

excretion, Ambard’s coeffioCT^ 172 
BS evidence of renal msufoaency, 163, 
164, J 72-176 
McLean’s index, 172, 173 
Van Si>ke's index, 174 
in blood, 363 

detenmnation, Folin and Wu's method, 
3 ^ 

? botelometnc, 367 
'an S?yke and CuJJen’s modificatioo 
of hfarshall urease me t hod, 367 
in ntphnlis, 182, 1S3 
u saliva, 615 
iQ unne, 78 
decreased, 78 
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Cnee, ciloum carbooate la, 139 
oxaUle in, 131 
pbospbalc in. 137 
bulkowitch lest for, 132 
one sugar in, IW 

cists In, 139 Sec also CoiU »« unnt. 
oUsin, 148 

Oddis' count raelnod, 134 
cmUnuc aad in, delcnninauon, 439 
charactcnsUcs, 65 
cLcnucal examination, 73 
chloral hj-dratc m, lU 
chkindcs in, 73. See also CUcridts in urine 
ch}le m, 136 
cluification of, 64 
cloudy, causes of j 67 
coQection of speamens, 63 
color of, 66 
composition of, 63, 73 
compound granule cells in, 149 
constituents, abnormal, 87 
normal, 73 

counting casts and cells in, IM 
creatinine lutrogen in, 78 
crj’slals in, 128, 129, 136 
cultures, method tor, 157 
oUndroids m. 147 

S itUne crystals «, 133 
ecDfflposiuon of, 64 
dextrose in. 96 See also G/ye««rM 
diaceuc aad in, 109 ^ 

Ccrbaxdt’s test, 109 
Lindemann’s test, 109 
diatoms in, 161 

substances in, 119 
in measles, 119 
m tuberculosis, 119 
m typlt®'^ feser, 119 
tettoic of test, 120 _ 

dicakmm phosphate crystals in, lit 
drugs m, 121 
envelope crystals Wi »■** 
epithelial casts m, 145 
ceUs in, 148 

examination, chemical, 7J 
collecung specimens, W 
microscopic, 126 
routine, 65 , .q 

extraneous structures m, i3» 
fat droplets m 161 
globules in, 135 
fatly casts m, 

fibnnous casts w, 143 

filtrauoa of, to remove pigments, 
floaters in 157, 5S9 
fluorescent dye 
foreign fibers in, 161 

simuUtmg casu, 148 
formaldehyde 

Tonssen's test fofj 122 
friiucncy of mictunlion, 65 


181 


Unae, fruit sugar m, 103 
I globulin in, hS 

glucose m, 96 See also Clyccsuria 
gooococa in, o89 
detection, 157 

gononheal threads in 147, 137, 589 
granular casts m, 143 
gravel in, 129 

hairs in, simulating casts, l4o 
bcoiaioidia in IH , „ 

hSoglobui m 1» S« 

^cbinufto. 
hemosiderin in 116 
Roas’ test for, 116 
heaamethyleaammc n 1 ^- 

jonssen s test for 122 

homogcntisic acid m, Ho 
hormones in, 63 
byalmc casts in. 141 
hydrogen ion concentmUon, 68 
hyphae of molds in, 160 
umuKting casts, 148 

„ COPS'*™"- " 

lo cystitis, 186 
m dabeles insipidus, 187 
melhius, 187 

SmSSSpttumonoIbdiiey, 155 
“SS“.«uc 1« vb.." typ» 

table shomng, 180 
mpyehtis, 185 

mpyelonephnus, 180 

;;r,??.Srot*iS«,i5<i 

indicanin, 76 

method, 77 

co.d.i.oa, cu™ 75. 77 

‘”fea‘sU5UPv.»=tl.od,125 
leuone crystals m, 132, 133 

leukocytes in 105 

‘“^Sa»«stlor,103 

ly^podiumgmulesm. 161 
maltose ui,lW 

melanin in, U8 

te^for, 119 
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method ol Vogel and Lee, 124 
Micrococcua uteae in, 155 I 

cucroscopic caamiraiion, 126 I 

silk sugar in, I(M 
mold lungi m, 160 

oiorphme in, 125 | 

muaa m, 95 i 

mucoid iti, 95 
munrus thicadt is, 146 
muscle 6bcn in, 161 
muogen in, diwnbuxion ol, 1 8 
couprotcm nJiroges, phobuomeUic deter 
Dunaiion, 36S 
Donnal constituents, 7J 
nubecula 66 
oudtonnilun In, 95 
odor, 67 
^ children, ISS 

pavement cells in, 150, 149, 150 
pentoses in, 104 
Dial s oroAol test for, 105 
phtnaceUn in. 121 
phenol in, 125 
plienolpliihaieia in, 125 
pbospnitet in, 75, 136. See also Phfft 
pholu in urtyie 


Vnoe. Schistosoma haenuiobium In, 155 
•ediciKSl in, 125, 159, 159 M tin 
Unitary sedimniU 
tenses sllHissla in, SS 
globulin in, 88 
ahMow cells lo, 155 
tiDoliy, 152 
aolida 10 , total, 72 

HUei’aneibod 75 
speoiic gravity oL 70 , 169 
fstlsiuuog, >0 
very small quanbtkf, 71 
fixation of, 169 

in impaired renal funcUos, 169 
tpeaomn, ooUectlnx, 65 
spermatosoa in, 155 ISO 
MiaainoM ctUa in, ISO, (49, 150 
tuphylococtl tn, 156 186 
starch granules in, 161 
tullat pboiphate crystals lO, 157 
streptococci in, 156 
sucrose In, 104 

sugar u>, 96. See abo Suiar nt knm. 
suifalea in, 76. 5c« also Sul/Jes sn so 
tm 

tulfonacnides in, determination of, 441 
suUonessn, melhod hr, 442 


pbotetomstne detenmnatiaa of urea, 367 Tacma c^noceccui In, 1^ 
sugar 10 diabetes, 597 Utimn in, 126 

pigmentt in, oslot due to, 66 thornaople crystals in, 159 

removTil, 64 tnosiuonal cells in, 150 

pollen in 161 transpame>, 66 

polyhedral cells is, 149 Tncliomonas Jwmiius m, 158 

porpliobilinogen. uruvuy, Watson and Uiplepbospbalecoitalsln, 76, 136 
Sehuans test (or, 117 tube casta in, 159 

porphynns in, 116 lo ntpbnili, 177 

polassiutn indoni sulfate in, 76 tubercle l^lli in. 156 

quanlitatiie dcteniuiuiion, 420 culture of, 1^ 

preservatives 64, 126 dciecpon e5, 156 

proteins in, 83 (yp]io«l UactUi In, 156 

Sence-Jones’, 95 tyrosine ciysUls in, 132, IJJ, 134 

munn, 95 Werner s iwt for, 153 

serum albumin, 83 urates tet, amorphous. 67, 82, 130 

globulin, 83 uiea m, 78 See also Una ik unite 

proteoses in, 96 urea niuo^ in, 73 

pseudocasis in^ 14S, J4T unc Kid In, U Sen at«« Une ^td 

punne bodies tn, 82 vrtnr 

pusin,67, 1S2 aystalaln, 129 

albujTunuru due to, I51, 152 uiobdinui 112 

casts, 145, 145 clicHcd signi6caru.c 111 

corpuscles, 67, 150, JSO Uirlicb's test, |15 

Donrrf s test, 67 rtuantitaiive esUnuUon, lU 


quanlitatii e dcteniuiuiion, 420 
preservatives 64, 126 
proteins la, 83 
Sence-Jones’, 95 
munn, 95 
serum albumin, 83 
globulin, 83 
proteoses in, 96 
pseudocasis m, 148, 14T 
punne bodies tn, 32 
pus in, 67, 1S2 
albununuru due to, I51, 152 
casts, 145, 145 
corpuscles, 67, 150 , 150 
Donn^ s test, 67 
quantiuilve esUoutJon, 152 
quantity, 65 

day and nisbt, in bealth and lo UO' 
paired renal luodion, 169 
quinine la V2S 

reaction, 67 , 

red sand m, 129 | 

resinous drugs m, 125 I 

routine eutnuiatioo, 65 I 

sabc>btesla, 126 
salol IS, 126 


unbiltnogen in, 112 
Ebrbeh's test, 115 
quanuuiive uumatioa, 114 
urocblofabc aad In, 122 
unefiramogett test of VVeisr, 120 
un>«yibnn w 66 
vinegar eel la, 159 , 159 
veaxy casts In, 143 
vbeutooes m, 129, IjQ 
yeastcellsis 159 



Cnaod, 67 

Ufiao’Qttcx, Ciioa’f, (gr tcuU qtaaUUO, 

SquiW>’4,;0,7J 
T>)Iart, *0 

UrobiLn (o duoiicnAl ccatcsti. 467 

\\ iltMt lad Adiis* ocUi^ for. <67 
la IcccJv <76 
*l«77puoa tptcUa, 47S 
(ktccCioa ci, <77 
SjiKliSl’i tnt, <77 
qiaattUUve (^aauoa, 477 
NN itwa'i cirihix). <i9 
\Vi}L>t.r4a4 Adiiu' QclhoJ, <77 
launaf, iI7 
clinical ugiuScance, 112 
liiiUch'k lU 
qoASUUU^e nUsuUOB, 113 
IVktua'kccthoii, lli 
IWlijr tod Aifdit* tattiovi, 112 
Sd2ajis<r‘t tat, UJ 
UtuU..QCijtcn la (cco, 476 
alnorpuga <72 

ia uair, 1)2 
hiuli£b'« tot, lU 
Urocil&r&lic aoj ia unae, 122 
Umbnnocca lat of IWu*, 120 
Uto-trylbna la utuie, 66 
L’r««r;>}i}n3, 117 

I'jci iru Corwr’f cutare m«d(gcs. 766 

lutim for fubcnlc (tiMuk la 
ipulua, 61 


VAcaKU, 810 
kjural wboopiRg co-^b, 818 
ftuUstoo«.s 810 
cousliof 0), 813 
besucTtoicoUr octLod, 814 
lIobLm** aecbod, 814 
turuiiity inctbod, 815 
\\ncb(’k mcUiod, 813 
doMge, 816 
cbaical cxtbod, 816 
frocn llcmcpLlut nertuua 813 
aetbodofutc,8t6 
prrpanUoo of, fill 
diluting, 81S 
makiBX kUipcsuoa, 812 
Rotenui, fill 
obUiokf Lacteru, 811 
prophylactic 817 
in ty^iboid fever, 817 
ktcnlLUUoa o[ 812 
tbcnpcuUc iadicalio&i, 816 
Vaedeta, dlagnouaof, Tau) lattbod, 609 
Vacuolated leubocyCes, 278 
Vacuum tube for obtamiag blood fioia 
'em, 7W 
ValUy fevtr, 632 
Valuer, coniul, table oi 847 
Van Allea'a tbrorabocytoent, 2<7 


Vaa dea Dexgb and Crotepua* metbod for 
aerum btbrubui, 424 

Vaa dea Iknth’i auasliUtlxe metbod for 
aenis bebruton, <24 

Vaa renur, lkrt»a and llolmcer, ipeaiic 
ailn tot for bitopLaamous, 635 
Van S> be and CuUen’t aeraUoa method for 
urea in unoe, fit 

mctbal for tarbon dioxide coubmin^ 
poirer of blood plaacu, J97~100, 39S, 

laodtficatmnof Maiaball imaae metbod 
tor blood urea. 367 

Van Slybe and Ncdl, rcanomet/ic metbod 
for carboa diotiJe combuusg poirer of 
blood plasma. <W, -/d/ 

Van SlyLe'a anparatua, for carbon dionde 
o! \^,iis.399 
Index of uru excretion, 172, 173 
ors-{en-capaat)’ rncthM for atImaUo{ 
bemofilotAn, 214 

Vancose \cinx, BobiUona for treatment of 
844 

Vectora, c2 rrlapun; fever, 512 
VrteUile tUauca in fece*, <74, <50 
\oa. obtain.tu; blood from, 193 

auaaUnfi coaipilatios ueie, 198 
\ani. vancciM, boIuuou for Ueatasest of 
fi<6 

Ver macaque, 585 
b otcab 5 m also Bliddtr 
bematuTU, 154 
Mbnoebolrra^SOd 
comma, 806 
\'ibnoa a^tiQje, SOI 
Vla«flt'$ argina. 614 
ersanixmaof, 512 

antimcninnOCoecua-Krum tat, 602 

method of blood typing, 340 
3u>r£3r reb 559 
ta urine, 159, ISP 

Vucenl Icxioaik caused by AsoercUlut 
fuQugatua, 635, <S3S 
VucDwmcter, Hess', J2P 
Viacouiy of blood, 32b 
YiuS auurung. 293 

of crytlt^los. 293 

of leubocyto, 295 
of reticulocytca, 294 

Mtasua K decency, Cbene/a plasma 
coagu^boa lime test, 201 
protbrombtaopeaia and, 325, 431 
\^tclime membrane, 549 
Voidber and Sanford, on actioomycosx, 863 
Vogd and Lm's metbod for mercury u 
unne, 124 

Vogel, Lesune, Katnn, and Bumbam, Rb 
factor and erythroblastosis fetabs, 344 
Volb^'a meti^ of estimating cblondes in 

Vblhat^ and Pabi'a coocentiation and ddu 
uon tuts of renal function, 170 

Fi^berg’t modification, 170 
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Volume, toUJ, of blood, cstunauon of, 332-1 
335 

Voo Pirquet tuberculin reaction, 818 i 

WACtmto and Povrer's method for m i 
Qcgaiue suU&tcs la serum, 41S-11S I 
Uaiber and Sn-eeney. blood platelet count, I 
247 

Waasennann reaction See CompteutHt | 
fizaiffH lest for syphilu , 

Uatcr as test meal, 447 I 

bactenolo^c examination of, 639 . 

chemical examination of, 639 I 

distilled, for intravenous use, 83S I 

examination (or potability, 639 j 

test of renal function, 171 i 

Watery blood. 192 ' 

Watkios and Nesbitt, porphyna, 117 I 
W atson method for urobiho u feces, 479 
porphaTia, 117 | 

method lor urobilinogen in unne, 113 . 

Watson and Schwarts, test for unnaiyl 
porphobilinogen, 117 

VVaugh and Scaver method, fa dt^osis of 
Hckle cell anemia, 313, 314 
Waxy casts in unne, U3 
Webster and Da wsoa, mouse test for rabies. 
609 

W ecLs baoliut, 4IS 
WeishU, conversion table, 816 
mib equivalents, table of, 815. 846 
W ell s disease, organism a(, 513 
serobpe t«e for, 513, 610 
Wed Fehx reaction, 062 

la nckciinal mseases, 625 
Weiss' unichromogen test, 120 
W tlcb’s gas bacdlus, 8<W 
W estcjgrcn’B method far sedimentation rate | 
of erythrocytes, 331 

rack and tubs, 3J2 i 

Wetmorc, Keynoids, and McGure method 
for am} lase m duodenal contents, 434 

for tij-psin in duodenal contents, 


Whetstones fn unne, 129, 130 
Whipworm 577, 57tf 
Wlute and bee s method (or coaculatioD 
lime. 199 

White blood corpuscles. See Leuketyta 
ft hitmore and ^e t modiJlcalioo of Fuke i 
and Subharow’s method for inorganic 
phDspbate,41t 

W hooping cough See also Pietatssr 
lietooplulus pertussis, 55 
lacooe ssamst, 818 
Widal lest, ^7 , 660 

mterpretatioa of results, 660 
macroscopic, 657, 639 
microscopic, 657, 659 


Widal test of liver function, 235 
Wiener, tianslusiou reactions, 346 
Wieaerand Landsteiner, Rh factor, 343 
VViener, Oremland, Iljuan and Somwick, 
transfusion reactions, 336 
Wight and Alvarez's tnodlScalion of 
Gt^etsen test for occult blood, 475 
Wilbur and Addis’ method for urobiim la 
duodenal contents, 467 
ID feces, 477 
ID unne, 113 

Williams, Post, E^gsbuty, and CUrk 
method for albumin in unne, 95 

for total proteio in spinal fluid, 
597 

Vttlson's index for neutrophils, 272 
Wilson and Ball’s method tor blood chlondes, 
ted 

WiIsoaandBlairmedium.forC welchil, 762 
W introb^a hematoent tube, 230 
indices of corpuscular sue and hemo- 
^bin content, 234 

Wintrobe and Laadsberg’s method for sedi- 
mentabon rate of erythrocytes, 330 
Wires, plaUnum. 759 

Wong's method for iron m blood, modiflca 
tsonof, 414 

Wood finish, oad proof, 826, 827 
579 

Wotiung distance of obiecbves, 11 
Worms, fiat, 537 
fluke, 538, 53f 
guinea, 567 
hook., 568, 569. 579 
infesUboo, eosmophiba m, 279 
intesbnal, in feces, 473, 491 
pio , 562, 563 
round, 55S 
screw, 584, 5S4 
stomaclx 559 
tape*, 545 
thread, 562, 563 
tongue, 580, 55/ 
whip-, 577 . 576 

Weight's capsule, obtuiURg blood in, 657 
method for counting vacanes, 813 
for culture of anaerobic bacteria, 784 
for opsomns, 665 
staia lOT bloodl 253 

hIcJuDkm's modiScabon, 254 
use for Treponema pallidum, 643 
W nght and Emrucutt’s diluting fluid, 245 
Wu and Folin's method for blood sugar, 
391 

improved, 392 

for blo^ urea, 36S * 

for nooproteiD mlrogea la blood, 363 
for removal of blood proleins, 361 
for unc oad in unne, 82 


XArrmoaixouiA, 596 
Xenopsylla cheopis, 583 



Ya«s, orK&catm of, 514 
celii la feces, 456 
m suine ccaieaU, 460 
la iputusi. 43 
la uriae, 159 
YtIbwstcxkU, 471 
\ eUacuh fTrea ipuluzn, 32 
\ou;ctK.rs loUa's uium cutfaod fot 
urea ia unse, £0 


lYousgburs and Younebuts'a method for 
leothuila Uood, 3S4 ' 

ZuaL*?{uxsc4 carboUucKua ttaio, S31 
method for tubercle baallos, 46 
Zt3rcn, Smith, 0«ea and HoSnus, vttaolo 
K la blood, 202 

Zondek vUchncia tc&t for pregnanc)’, 61* 
Zoosuiitjtopbora, 493, 509 
Z>£ote, 527 



